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PREFACE. 

mHE present Manual lias been written primarily for the 
JL use of the students of the Imperial Forest College, Dehra 
Dun, but if it should prove of some slight use to others the 
writer will feel more than satisfied. 

The only work on Indian Forest Utilization which has 
hitherto appeared is Fernandez’ Notes on the Utilization of 
Forests, published in 1891: this book has served its purpose 
well, but with the rapid advance of Forestry in India it has of 
late years been getting more and more out of date, and the 
production of an entirely new work on Forest Utilization is 
now urgently called for. The general arrangement of the 
present Manual is based more or less on that of Gayer’s 
Forstbenutzung, but the details follow as much as possible" the 
practice and experience of Indian Forestry. 

The compilation of a Manual of this kind would not have 
been possible without a large amount of assistance from others, 
and first and foremost the writer desires, to express his deep 
indebtedness to the Officers of the Indian Forest Department, 
of all ranks, for the generous assistance which they have ren¬ 
dered in furnishing him with much valuable information. 

Among the principal works which have been consulted in 
the preparation of this Manual are Gamble’s Manual of Indian 
Timbers, Schlich’s Manual of Forestry, Vol. V, ( Forest Utili¬ 
zation, by W. R. Fisher), and Watt s Dictionary of the Econo¬ 
mic Products of India, while much useful information has 
been obtained irom the pages of the Indian Forester, and from 
the various Indian Forest Bulletins and other publications, 
particularly E. M. Coventry’s Bulletin on Ficus elastica. 

I n conclusion, the writer wishes to acknowledge the help 
received from Mr. Moyle, Director of Railway Construction in 
India, in the form of a most useful note on railway sleepers, 
and the assistance given by Rai Sahib Upendranath Kanjilal) 
Instructor at the Imperial Forest College, in conducting muoh 
of the correspondence connected with the collection of informa ¬ 
tion for this Manual. 



1.2th April 1907. 
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INTRODUCTION. 


T^OREST UTILIZATION is that branch of Forestry which 
deals with the most advantageous and suitable methods 
of collecting, converting, and disposing of forest produce, which 
can conveniently be divided into two main classes, major 
forest 'produce, comprising timber and firewood, and minor 
forest produce , which includes all other produce of the forest. 

The subject matter of this Manual is dealt with under 
four separate heads:— 

I .—Harvesting and Conversion of Wood, or Major Forest 
Produce. 

II.— Utilization of Minor Forest Produce. 

III.— Organization of Labour, and Modes of Sale and Disposal 
of Wood and other Forest Produce. 

IV.— Special Forest Industries. 
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PART I. 

HARVESTING AND CONVERSION OF WOOD. 



It is of the utmost advantage to the forester to be able 
to convert and classify liis wood in such a manner that the 
demands of the market may be satisfied, while at the same time 
the best value may be obtained for the material disposed 
of: hence the necessity for. an accurate knowledge of the 
various properties and uses of woods, as well as the best 
methods of felling trees, converting them into timber and 
firewood, and bringing the material to the market. These 
considerations lead to the division of Part I into five chap¬ 
ters :— 

I .—Technical Properties of Wood. 

II.— Industrial Uses of Wood. 

III. — Felling and Conversion of Timber. 

IV. — Transport of Wood. 

V.— Wood Depots. 
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CHAPTER I. 

TECHNICAL PROPERTIES OF WOOD. 

There are few materials which vary more in texture, 
appearance, and utility for various purposes, than wood. 
Not only do the different species of woods vary greatly, but 
even woods of the same _ species grown under different con¬ 
ditions may possess widely diverse characteristics. The 
differences in the value of woods, and their suitability for 
various uses, depend on certain technical properties, of which, 
the following are the most important 

1. Anatomical structure. 

2. Shape and size of trees. 

3. Specific gravity. 

4. Hardness. 

5. Flexibility. 

6. Elasticity. 

7. Fissibility. 

8. Strength. # . , 

9. Seasoning power, and liability to be affected by 

moisture. 

10. Durability. 

11. Combustibility and heating power. 

12. Colour, grain, and other properties. 

13. Freedom or otherwise from defects or unsoundness. 

Section I.—Anatomical Structure of Wood. 

1. Dicotyledons and Gymnosperms. 

If the sawn end of a log of timber be examined, it will be seen 
that the wood is marked with certain definite marks. In the 
centre will be found a small soft mass of tissue known as the 
pith round which are numbers of concentric rings, some¬ 
times called annual rings. These concentric rings, which 
usually represent the wood produced during one growing 
season, vary greatly in width, being broad m fast-grown and 
narrow in slow-grown timber: in many timbers they aie not 
clearly visible. Radiating from the centre outwaras are 
numbers of fine lines, known as medullary rays, which vary 
in distinctness according to the species of timber. ^ Outside 
the wood is the cortex (popularly termed bark ), while 
between the wood and the cortex is the cambium, a thin layer 
of soft tissue which, as it grows, produces wood to the inside 
and cortex to the outside. If the log be split open it will be 
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found that the concentric rings which have already been 
seen in cross section are really concentric hollow cylinders of 
wood laid on one above the other, and which in longitudinal 
section produce the “grain” of the wood. Further it is 
seen that the medullary rays are in reality vertical plates 
running through the concentric layers of wood, and varying 
in length, depth, and width. These medullary rays produce 
the shiny appearance known as “silver grain,” a quality 
which renders some woods valuable in the eyes of the cabinet¬ 
maker. 

The medullary rays differ much in different species. Thus 
in teak and sundri (Heritiera minor) they are moderately 
broad and uniform; in the oaks, Rhododendron arhoreum, 
and Dillenia indica they are of* two kinds, a few broad and at 
irregular intervals, separated by numerous fine ones; in 
Dalbergia Sissoo, Buxus sempervirens, and conifers they ' 
are fine to very fine and usually numerous. 

In most species the wood in the inside is darker, harder, 
and somewhat drier than that of the outer layers; this dark 
inner wood is called heartwood , and the lighter-coloured 
outer wood is called sctpivood. 

Heartwood is formed by the deposition of colouring mat¬ 
ters and other substances in the cells or on the walls of the cells 
and other tissues of the wood, whereby the walls get thicker 
and lignified, and the wood thus becomes denser and heavier. 
Some trees have no distinct heartwood, for instance Mangifera 
indica, Adina cordifolia, Bombax malabaricum, Ficus bengalensis, 
Terminalia belerica, Cochlospermum Gossypium, AEgle Marmelos, 
Zizyphus Jujviba, Butea frondosa, Erythrina spp., Pongamia 
spp., Gardenia spp., etc. 

Wood is made up of three chief kinds of component ele¬ 
ments, wood-vessels, wood-fibres, and wood-cells. These, how¬ 
ever, do not all occur in every kind of wood. 

Wood-vessels. —If the transverse section of a piece of teak- 
wood be examined, it will be found that the annual rings 
are sharply defined by one or more lines of pores, which can 
be distinctly seen with the naked eye. These pores, which 
are known as vessels, are seen on a longitudinal section to be 
tubes running longitudinally through the wood. Between 
the rings of pores will be found a quantity of denser 
wood which may contain scattered pores. That part of the 
annual ring which contains these pores in large numbers is 
known as spring-wood, having been formed at the beginning 
of the growing season, whereas the denser tissue filling up 
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tlie remainder of the annual ring is called summer-wood or 
autumn-wood. 

Although these vessels are fairly large and evenly dis¬ 
tributed in teak-wood it does not follow that they can be so 
easily seen in all woods. The arrangement and size of the 
vessels in fact vary so much in different species, that woods 
can to a certain extent be classified according to the arrange¬ 
ment of their vessels. Thus the vessels are large and fairly 
evenly distributed in Borribax mcdabaricum, Xylia dolabri- 
formis, and Ficus bengcdensis ; large, numerous, and unequally 
distributed in Terminalia tomentosa, Cedrela Toona, and 
Acacia arabica; small and evenly distributed in the maples, 
the willows, Mgle Marmdos, Chloroxylon Smetenia , Adina 
cordifolia , and Holarrhena antidysenterica; and extremely small 
and evenly distributed in boxwood. In some woods the 
pores occur in groups or in chains, as for instance in Mesua 
ferrea, Melia indica, Anogeissus latifolia. Lagerstrcemia parvi- 
flora, Bassia latifolia, and the oaks. The arrangement 
of the vessels often determines the distinctness or otherwise 
of the concentric rings in timber. Apart from the fact that 
each concentric ring in some species does not represent 
exactly one year’s growth, the even distribution of the vessels 
through spring-wood and autumn-wood alike frequently 
make the accurate counting of annual rings an impossibility, 
even if the vessels themselves are large enough to be clearly 
visible. In coniferous timber vessels are, except immediately 
round the pith, entirely absent, but the concentric rings, 
which are normally always annual, are distinct, owing to 
the dense structure of the autumn-wood as compared with 
the spring-wood. 

Wood-fibres are the principal elements of wood. They 
are elongated structures with closed pointed ends, and with 
their walls more or less thickened, sometimes to such an 
extent that their lumina, or internal spaces, are much con¬ 
tracted. Fibres vary in form, some kinds containing proto¬ 
plasm and starch, and others containing none of these substances. 

Coniferous wood is almost entirely composed of elements 
resembling fibres and known as traclieids. These are charac¬ 
terized by the presence of large bordered pits on their walls. 
In the spring-wood the tracheids have thin walls and large 
1 umina, whereas in the autumn-wood they are much com¬ 
pressed, having thick walls and smaller lumina. This com¬ 
pression of the tracheids in the autumn-wood results in that 
wood being much harder, and usually darker in colour, than 
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the spring-wood, rendering the annual rings distinct, although 
the structure of coniferous wood s more regular than that 
of broad-leaved species. 

Wood-cells form the rather thin-walled soft tissue known 
as 'parenchyma. These cells are not so conspicuously elong¬ 
ated as vessels and fibres, and they frequently contain starch, 
being the storehouses of reserve material. Wood-cells are 
usually absent in coniferous wood, except in medullary rays 
and round resin-ducts. These resin-ducts are spaces sur¬ 
rounded by resin-forming ceils; they rim both longitudin¬ 
ally up the tree and radially along the medullary rays, 

2. Monocotyledons. 

The structure of monocotyledonous wood is totally differ¬ 
ent from that of dicotyledons or gymnosperms. One 
great difference is the absence of medullary rays. The stems 
are generally full of parenchymatous tissue of a more or less 
loose texture. This tissue is traversed by what are known 
as fibro-vascidar bundles , that is, rather thick strands of harder 
tissue consisting of vessels and fibres connected together 
into bundles. In the palms these bundles follow a wavy 
course up the stem, while in the bamboos and canes they 
run parallel to each other up the internodes. 

Another peculiarity of monocotyledons is that there is 
no heartwood. The centre of the stem is either hollow or 
full of soft parenchymatous tissue, which is often very rich 
m starch, and is the least lignified part of the stem, whereas 
the outermost wood is the most compact and the hardest. 

The growth in thickness of monocotyledons is different 
to that of dicotyledons. We have seen that dicotyledons 
increase in thickness by laying on concentric rings of wood 
from the layer of growing cells known as the cambium, which 
is situated between the wood and the cortex. In monocoty¬ 
ledons, however, the growth in thickness takes place at certain 
points within the stem and we thus find no annual rings. 
In monocotyledonous trees, such as palms and bamboos, 
the stems reach their maximum thickness at an early stage 
in their height growth, and do not continue growing in thick 
ness throughout their life as do the Stems of dicotyledons. 

Section II.— Shape and Size of Trees. 

The three main parts of a tree from which wood is obtained 
are the stem, the branches , and the roots. Of these the 
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wood of the stem is the most important, as it is from the stem 
that wood fit for timber is almost invariably obtained. 
It is therefore the aim of the forester in most cases to produce 
trees having the maximum proportion of stem-wood. The 
chief factors which influence the shape and dimensions of 
trees, as well as the proportion -of stem-wood, branch-wood, 
and root-wood, are (1) the species, (2) the density of the 
crop, (3) the age of the tree, (4) the soil and locality, (5) the 
sylvicultural system adopted. These will be dealt with in turn. 

(1) Species. 

When grown in isolated positions different species of trees 
differ greatly in their mode of growth, particularly as regards 
the relative size of bole and branches. 

Certain trees, of which the firs and some other conifers 
are the best examples, produce tall straight stems with 
definite leaders and numerous but relatively small side 
branches. Among broad-leaved species Sterculia alata is 
somewhat similar in type. Bornbax malabaricum is also of this 
type, but its whorled branches are usually massive. Compara¬ 
tively long clean boles are frequently produced in the open 
by pines, many palms, Casuarina, and certain species of 
Dipterocarpus, Eucalyptus, etc. On the other hand there are 
many species which usually produce short boles and large 
low crowns when grown in the open; of these the mango, 
the oaks, Cedrela Toona, Mesua ferrea, Schleichera trijuga, 
Eugenia Jambolana, Cassia Fistula, Lagerstrcemia Flos-Regince, 
and Albizzia Lebbek, are .examples. 

Certain trees tend to branch low down even when grown 
in moderately dense forest, as for example Taxus baccata, 
Bassia latifolia. Ficus glomerata. Rhododendron arboreum, 
Careya arborea and Schleichera trijuga. Of trees which pro¬ 
duce a large proportion of root-wood the best examples are 
those species of Ficus which send out large aerial roots. 

(2) Density of the Crop. 

It is a well-known fact that trees grown in a dense crop 
produce long clean boles and small crowns. Thus the pro¬ 
portion of stem-wood in such trees is much greater than that 
of similar trees grown in the open. This applies especially to 
those trees which have a natural tendency to branch low 
down when grown in the open. 
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(3) Age of the Trees. 

Actual measurements in Europe show that in trees grown 
in canopied forest the amount of branch-wood in early youth 
exceeds that of stem-wood fit for use. As the tree reaches 
middle age the proportion of stem-wood predominates, and 
increases as the tree grows older, when the proportion of 
branch-wood may eventually fall to as little as 10 per cent. 
Although similar accurate measurements are not yet avail¬ 
able in India, general observations lead to the same conclusions, 
although the actual proportion of wood from the several 
parts of the tree will no doubt vary under different conditions. 
The actual quantity of wood in the roots as a rule increases 
as a tree grows up towards maturity, but the proportion of 
root-wood to stem-wood probably varies according to the 
proportion of branch-wood to stem-wood. 

(4) Soil and Locality. 

As a general rule the more favourable the locality the 
greater the proportion of stem-wood in a tree and the larger 
the quantity produced. The extent of root development, 
however, is as a rule the converse of this, particularly in 
localities which are unfavourable owing to lack of moisture in 
the soil, in which case the roots spread far and wide in search 
of water. The abnormal development of the root system of trees 
as an adaptation to peculiar conditions of soil and locality 
is strikingly exemplified in Prosopis spicigera and Heritiera 
minor . The former tree, which grows in the arid regions of the 
Punjab, Sind, Rajputana, and elsewhere, in its search for 
moisture in the subsoil produces an abnormally long tap-root, 
one specimen of which has been measured to be 86 feet in 
length. Heritiera minor, the Sundri of the Sunderbans, grows 
in tidal regions occasionally inundated by salt water. It 
adapts itself to the peculiar circumstances of the locality by 
producing roots which spread laterally near the surface of the 
ground, sending up perpendicular blind shoots a foot or more 
in height above the ground; these shoots, which resemble 
inverted tent-pegs, possibly act as breathing organs when the 
ground is flooded. The Mangroves, also, which grow’ in muddy 
tidal forests, have a largely developed root system, the stems 
being supported by buttressed roots standing out of the mud. 

(5) Sylvicultural System. 

The various sylvicultural systems known to European 
Forestry have not yet been practised in India to such an extent 
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as to enable us to judge accurately of tbe merits of each for the 
production of large-sized and well-shaped timber. Briefly 
stated, the following may be said to be the conclusions arrived 
at on a comparison of the chief sylvicultural systems, based 
almost entirely on European experience and statistics :— 

A.—High Forest. 

(a) The clear cutting system. —The quality of the timber 
produced, as far as shape, length, and cleanness of bole are 
concerned, is equal to or better than that of any other high 
forest system, especially if the crop has been created by planting. 
The quantity of timber produced per acre compares favourably 
with the quantity produced under other systems. In India 
doubts are frequently expressed, particularly with regard to 
teak, as to whether plantation grown timber will be equal in 
technical properties to natural timber. Exhaustive tests of 
plantation timber grown under different conditions will be 
necessary when our plantations approach maturity.* 

(b) The uniform method {system of successive fellings ).—The 
quantity of timber produced is probably equal to that produced 
under the clear-cutting system, while in cleanness and straight¬ 
ness the high quality of the timber produced is, like that of 
the clear-cutting system, characteristic of even-aged woods, 
and superior to that produced in uneven-aged woods. Under 
the uniform method those trees left for the final felling have a 
chance of attaining a large diameter owing to their open position 
during the later portion of their life. 

(c) The group system. — The timber produced under this 
system probably approaches but hardly equals that produced 
under the last system. Statistics, however, are wanting. 

(d) The selection system. —Accurate comparative figures 
as to volume are not available. Under this system less clean, 
shorter, and more tapering boles are produced than under the 
system of successive fellings. 

* In 1904 three pieces of teak timber were sent from Burma to Professor Everett to 
be testedM’(a) a piece from tho Prome plantation of 1861, (b) a piece from the Prome 
plantation of 1860, (c) a piece of naturally grown teak. The following figures give tho 
breaking load of each in tons ( average of 10 specimens 10' x 5'' x 6') : — 

(a) .6365 tons. 

(b) • • • . • « • 63 80 „ 

> (c) . • . . • • * 7568 ,, 

Irl this case the natural teak is shown to be stronger than the plantation teak. On 
the other hand a test made with Nilambur plantation teak about 1876 showed that in 
that case the plantation teak held its own against naturally grown timber. It is 
impossible, however, to generalize on one or two trials, though similar- tests of timber 
grown under diverse conditions will no doubt produce interesting results. 
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(e) Two-storied high forest .—This system is well suited for 
the production of large-sized as well as straight clean timber, 
the trees in each storey being even-aged. 

B.— Coppice Systems. 

(a) Coppice .—This system is suitable for the production of 
fuel and small sized timber, but not for large timber. 

(b) Coppice with standards .—The trees produced in the over¬ 
wood compare unfavourably with those produced under the 
high forest systems, as the boles are shorter and less clean. 

The sylvicultural systems have here been dealt with entirely 
from the point of view of the quantity and quality of the 
timber produced, irrespective of other considerations. 

Before leaving the subject of the shape and size of the trees 
we may define what is meant by the ideal timber tree from an 
economic point of view. The bole of such a tree should have 
four chief qualities— -cleanness, straightness, cylindrical shape, 
and suitable dimensions. Sylviculture teaches us how trees 
possessing these qualities are produced. Stated briefly, the 
first three are obtained by growing the young crops in a crowded 
state, and afterwards judiciously thinning the woods so that the 
stems may increase in girth to the desired size. The time when 
the woods should be opened out depends largely on the species 
and the local conditions, but for the production of long 
clean boles no severe interruption of the leaf canopy should 
take place until the trees have approached their full height 
giowth. The dimensions to be attained will depend on the 
purpose for which the wood is required and on the demands of 
the market. 

Section III. —Specific Gravity. 

1. General. 

Bv the specific gravity of a wood we mean the ratio which 
the weight of a certain volume of the wood bears to the weight 
of an equal volume of cold water. As one cubic foot of cold 
water weighs 1,000 ounces or 021- lbs., the actual weight of a 
cubic foot of any wood is obtained by multiplying 62| lbs. by the 
specific gravity of the wood ; and conversely the specific gravity 
of any wood may be found by dividing the weight of a cubic 
foot by 62^ lbs. 

Determination of specific gravity. —The following are two 
practical methods of finding the specific gravitv of a niven 
piece of wood e 

(1) Let AY be the weight of the wood in pounds as 
found in the balance, and V its volume in Cubic 
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feet: then the specific gravity = y ™ m . The volume 
is found by means of the xylometer, a cylindrical 
vessel partly filled with water, and having a 
vertical scale on one side showing the volume 
of water displaced when the wood is immersed. 

(2) (a) If the wood sinks in water, find its weight in air, W, 
in the ordinary way, and its weight, W', under 
water ; then since the loss of weight due to its 
immersion in water equals the weight of the same; 
volume of water, the specific gravity= w ^ w -„ To 
find the weight of the wood under water suspend 
it by a thread attached to the middle of the under 
side of one of the scale-pans of the balance and 
allow it to hang immersed in a vessel of water 
underneath the scale-pan. A fine thread should 
be employed, so that the volume of water dis¬ 
placed by the thread may be negligible. 

(b) If the wood floats on water a weight or sinker should 
be attached to the wood to make it sink. Let 
S be the weight of the sinker under water: then the 
specific gravity of the wood =- ^ + ^. w , , where W 
is the weight of the wood in air and W' is the 
weight of the wood and sinker together under 
water. 

The weights of various woods are frequently expressed 
in pounds per cubic foot, those which float on water weigh¬ 
ing less, and those which sink weighing more than 62| lbs. per 
cubic foot. 

Specific gravity as a property of wood is only of second¬ 
ary importance when compared with certain other proper¬ 
ties such as strength, durability, and soundness, but at the 
same time it deserves careful consideration owing to its close 
connection with other properties such as hardness, combusti¬ 
bility and heating power, seasoning power, and durability. 
Specific gravity also comes into consideration where great 
weight is a disadvantage, for example in timber for roofing, 
frames of carriages, masts and spars of ships, light packing- 
cases, etc. Again in the case of heavy woods the cost of trans¬ 
port may be considerably higher than for light woods, while 
extraction may be rendered quite impossible where the only 
export routes are small floating streams where there is no 
room to* buoy up heavy timber by attaching it to boats or 
to lighter logs. 
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Factors causing Differences in the Specific Gravity 
of Woods- 


The researches of Sachs and R. Hartig have shown that 
the actual substance of wood, that is, the cellulose of the 
cell-wall, differs little in specific gravity for different species 
of woods, being about half as heavy again as water. It is 
evident, therefore, that there must be certain factors which 
account for the great differences in the specific gravity of 
different woods. The chief factors are (1) anatomical struc¬ 
ture of the wood, (2) soil and locality, (3) age of the tree, (4) 
amount of moisture in the wood, (5) amount of resin and other 
substances, (6) different parts of the tree. 


(1) Anatomical Structure. 

The specific gravity of a wood depends mainly on the 
quantity of woody substance in its tissues, that is, the thicker 
the cell-walls and the smaller the lumina, the higher the 
specific gravity of the wood. According to Hartig, the broad- 
leaved species of Europe have from 25 to 30 per cent, more 
woody substance in their tissues than conifers, and in India 
it would be reasonable to suppose that the difference between 
some of the heaviest and some of the lightest woods in this 
respect is even greater. In many species the tissues of the 
autumn-wood are denser and therefore heavier than those 
of the spring-wood, which are porous. This is exemplified 
particularly in conifers. If we examine a piece of slow-grown 
coniferous wood we find that the rings of dense dark-coloured 
autumn-wood are separated by narrow zones of porous spring- 
wood : if the wood be fast-grown these zones of denser autumn- 
wood, which remain fairly constant in width, are widely 
separated by broad zones of porous spring wood. Thus in coni¬ 
fers as a general rule slow-grown wood is heavier than fast- 
grown wood. In broad-leaved species containing large pores 
in the spring-wood and denser tissues in the autumn-wood 
the opposite is usually the case, the fast-grown wood, in which 
the porous zones of spring-wood are widely separated by 
denser autumn-wood, being heavier than slow-grown wood 
where the porous zones are close together. This is true, how¬ 
ever, only within certain limits, and provided the growth is 
not too fast; the rule also admits of exceptions. In the case 
of broad-leaved species having the pores more or less evenly 
distributed through the spring and autumn-wood no definite 
rule can be laid down. 
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(2) Soil and Locality. 

The main conditions which tend to increase the weight 
of wood are sufficient nourishment and moisture in the soil 
and the necessary amount of warmth and sunlight. Excess 
of moisture in the soil often renders wood soft and spongy, 
decreasing its specific gravity, while the same condition may 
be brought about by insufficient sunlight. Experiments some¬ 
times show that woods from certain localities are heavier 
than woods of the same species from other localities. Thus 
Chir (Pinus longifolia) wood from Sikkim is somewhat 
heavier, harder, and stronger than that of the North-West 
Himalayas : Bombax malabaricum is lighter in Bengal and 
Assam than in the Central Provinces, while the ironwood 
(Xylia dolahriformis ) of Burma is usually heavier than that 
of Central and Southern India. The factors which cause these 
differences may not, however, be the same in each case. 

(3) Age op the'Tree. 

The actual woody substance formed by young trees is 
usually heavier than that formed by old trees. On the other 
hand the formation of heavy heartwood during middle age 
may render the average specific gravity of the wood of old 
trees considerably higher than that of young trees: hence 
no definite rule can be laid down as to the effect of the age 
of a tree on the specific gravity of the wood, particularly 
in the case of trees which form a distinct heartwdod. 

(4) Amount op Moisture in the Wood. 

Hitherto the amount of water in the wood has not been 
considered; it exercises, however, a great influence in in¬ 
creasing the specific gravity of woods of one and the same 
species. In practice we distinguish between (i) Green or freshly 
felled wood, which contains on an average 45 per cent, 
of water, (ii ) Forest-seasoned wood, that is, wood which has 
become partly seasoned by lying in the forest for some time, 
and (in) Completely seasoned wood, which has lain in an airy 
shed until it has lost all the moisture which it can part with 
under ordinary atmospheric conditions; in this case the amount 
of water in the wood may be as low as 2| per cent, (see 
page 27). In resinous trees the amount of moisture is usually 
inversely proportional to the amount of resin, while in’ green 
wood of all kinds there is more moisture in sapwood. than 
in heartwood, and more in the younger branch-wood than 
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in the wood of the stem. The difference in specific gravity 
between green and dry timber may become a matter of great 
importance where capacity for floating is concerned. Thus 
in Burma, where the extraction of teak is almost entirely 
carried out by floating, it is necessary to kill the teak trees 
by girdling and allow them to dry for three years before fell¬ 
ing, so that they may become light enough to float easily. 

(5) Amount of Resin and Other Substances. 

The dry weight of wood is increased by the amount of 
resin or oil contained in it. Thus in conifers the narrow 
ringed resinous wood of the branches is heavier and harder 
than the wood of the stem, while the wood at the base of the 
tree and in the larger roots, being highly impregnated with 
resin, is considerably heavier than the stem-wood. Among 
other substances which tend to increase the specific gravity 
of wood may be mentioned the colouring matter deposited in 
the tissues of the heartwood of many species, for example in 
ebony, where the black colour is due to deposits of black colour¬ 
ing matter within the cells, and not to any change in the cell- 
walls. The influence of reserve nutrient material (proteids, 
starch, etc.) on the specific gravity of wood is, according to 
Th. Hartig, considerable, but the researches of It. Hartig have 
thrown serious doubt on this opinion. Wood injected with 
creosote or metallic salts increases in specific gravity. 

(6) Different Parts of the Tree. 

In the case of air-dried wood the following general rules 
hold good in the majority of cases: — 

( a) Branch-wood is usually heavier and root-wood 

lighter than stem-wood. Exceptions to this rule 
occur in the case of ( i ) slow-grown branches of 
trees which have large pores in the spring-wood, 
(u) the thick ends of the roots where they join 
the stem ; these are sometimes heavier than the 
stem-wood, (in) roots of conifers which are rich 
in resin, and whose specific gravity is sometimes 
greater than that of water. According to Nord- 
linger the specific gravity of the smaller roots of 
a tree is less than that of the larger roots. 

(b) Heartwood is usually heavier than sapwood where 

a distinct heartwood exists. Where there is no 
distinct heartwood the inner zones of wood have 
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often the same specific gravity as the outer zones, 
and may even be lighter. In the case of palms 
the outer part of the stem is heavier than the 
inside. The following figures, compiled from the 
results of experiments recorded in Gamble’s 
Manual of Indian Timbers, illustrate to some 
extent the difference in specific gravity between 
heartwood and sapwood : — 



Heartwood. 

Sapwood. 


(lbs. per cubic foot.) 

(lbs. per cubic foot.) 

Tamarindus indica 

Odina Wodier 

Bauhinia purpurea 

Albizzia procera . 

Albizzia lebbekoides 

Salvadora oleoides 

77*7 (average of 9 specimens) 
48 (average of many speci¬ 
mens). 

48 (average of 6 specimens) 

46 (average of 15 specimens) 
44 (average of 2 specimens) 

64 (one specimen, including 
both heartwood and 
sapwood). 

61 *8 (average of 4 specimens). 

35 (one specimen). 

36 ( ditto ). 

26 ( ditto ). 

37 ( ditto ). 

38 (one specimen, sapwood 

only). 


(c) Where growth becomes slower with advancing age, 

the difference in breadth of the annual rings 
causes a difference in the specific gravity of the 
wood, the outer layers in conifers being heavier 
and those of species with large pores in the 
spring-wood being lighter than the inner parts of 
the stem. In young stems, where the growth is 
normally regular, no such difference usually exists. 

(d) As a rule the specific gravity of the lower part of 

the stem is greater than that of the upper part. 

(e) Burrs, knots, wavy wood, and sound wood growing 

over wounds, are usually heavier than ordinary 
wood; decayed wood, on the other hand, is fighter. 

3. Classification of Woods according to their Weight in 
Pounds per Cubic Foot. 

The following is a fist of some of the principal Indian woods, 
arranged in classes according to their average air-dried weight 
in pounds per cubic foot (heartwood being understood m the 
case of trees which produce^a distinct heartwood) . 

(i) Extremely heavy. -70 lbs. and over.—Hardwickia 
binata, Tamarindus indica, Pterocarpus santahnus, 
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Soymida febrifuga, Diospyros Ebenum, Mesua 
ferrea. 

(ii) Very heavy. — 60 lbs. and over, and under 70 lbs. — 
Pterocarpus indicus, Schleichera trijuga. Heritiera 
minor (Sundri), Acacia Catechu, Xylia dolabri- 
formis, Quercus dilatata, Q. incana, Anogeissus 
latifolia, Bassia latifolia, Santalum album, Termi- 
nalia tomentosa, Shorea obtusa. 

(in) Heavy. — 50 lbs. and over, and under 60 lbs. — Pterocar¬ 
pus macrocarpus. Cassia Fistula, Prosopis 

spicigera, Cliloroxylon Swietenia, Dalbergia latifolia, 
Melanorrlwea usitata, Buxus sempervirens. Dip- 
terocarpus tuberculatus, Pterocarpus Marsupium, 
Shorea robusta, Acacia leucophlcea, Ougeinia 

dalbergioides. Acacia arabica, Terminalia Chebvla, 
Quprcus semecarpifolia, Lagerstrcemia parviflora, 
Mklia indica, Albizzia Lebbek, Dalbergia Sissoo, 
Odina Wodier, Carey a arborea, Chickrassia tabular is, 
Grewia iilicefolia. 


(iv) Moderately heavy .— 40 lbs. and over, and under 
50 lbs. — Hopea odorata, Dipterocarpus turbinatus, 
Zizyphus Jujuba, Pterocarpus dalbergioides 
(Andamans Padauk), Terminalia bderica, Eugenia 
Jambolana, Dipterocarpus alatus, Lagerstrcemia 
Flos-Reginw, Tectona grandis, Adina cordifolia, 
Dillenia indica, Mgle Marmdos, Pinus longifolia. 
Taxus baccata, Schima T fallichii, Juglans regia, 
Stercidia wens, Mangifera indica, Anthocephalus 
Cadamba, Artocarpus integrifolia, A. Lakoocha. 

(v) Light .— 30 lbs. and over, and under 40 lbs.—Butea 
frondosa, Cupressus torulosa, Michelia Champaca, 
Semecarpus Anacardium, Cedrela Toona, Gmelina 
arborea, Fic-us bengalensis, Bosivdlia serrata, 
Kydia calycina, Pinus excdsa, Cedrus Deodara, 
/Esctdus indica, Michelia excelsa, Artocarpus 
Chaplasha, Buchanania latifolia, Sterculia data-, 
Picea Morinda, Abies Pindrow, Ficus glomerata. 


17711, Q. p. 


Very light—Under 30 Ibs.—Treivia nmUflora, 

Popidus ciliata, Duabanga sonneratioides, Spondias 
mangifera, Bornbax malabaricum, Ailanthw excdsa, 
Stercuha colorata, Tetramdes nudiflora, Erythnna 
suberosa, Moringa pterygospenna, Stercidia villosa , 
Cochlospermum Gossypium. 
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In each of the above classes the separate woods have been 
arranged as nearly as possible in order of their specific gravity, 
beginning with the heaviest and ending with the lightest. 

Section IV.— Hardness. 

1. General. 

By the hardness of a wood is understood the resistance which 
it offers to penetration by another body, and toywear and tear 
in general. It is a desirable quality in woods employed for 
many purposes, for example sugar and oil mills, cart wheels and 
axles, tent-pegs, engraving blocks, tool-handles, runners of 
sledges, etc. Soft wood, on the other hand, is required for 
rough packing-cases, matches, wood-pulp, etc. The resistance 
offered to any cutting or other instrument depends on whether 
the instrument is applied in the direction of the fibres, at right 
angles to them, or obliquely to them; it also depends on the 
kind of instrument used. Apart from the action of different 
tools, which will be considered separately in Chapter III, the 
hardness of a wood generally depends on one or more of the 
following five factors: — 

(1) Anatomical Structure. 

Hardness depends on the degree of cohesion of the fibres, 
and on the amount of ligneous matter contained in the tissues 
of the wood : thus heartwood is harder than sap wood. Wavy 
or anastomosed fibres usually increase hardness, while shortness 
of fibres diminishes it. 

(2) Specific Gravity. 

In the case of dry wood as a general rule the factors which 
tend to increase specific gravity also tend to increase hardness. 
Thus, for example, slow-grown coniferous wood is harder than 
fast-grown wood of the same species. 

(3) Amount of Moisture. 

Dry wood is harder than green wood, partly because in 
most wood the quantity of solid matter occupies more space 
than the same quantity of solid matter in dry wood. For this 
reason green wood is often used for conversion in preference to 
seasoned wood where there is no danger of warping or splitting 
during the subsequent drying. Thus dugouts are made of the 
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green wood of Duabanga sonneratioides, which dries without 
warping or splitting; so the green wood of Xylia dolabriformis 
is usually preferred to dry wood for sawing in Burma, owing to 
the excessive hardness of the latter. Steaming or boiling wood 
softens it, but reduces its strength. 

(4) Amount op Resin. 

The hardness of wood is increased by the presence of resin 
particularly when the resin is dry and contains little oil. Thus 
old dry resinous stumps of deodar are very hard, as are the 
resinous close-ringed knots found in coniferous wood. 

(5*) Soundness. 

Decay softens wood by disintegrating and destroying the 
tissues, 

2. Classification of Woods according to Hardness. 

The following is a list of some of the Indian woods 
arranged in classes according to relative hardness •_ 

1. Extremely hard.—Mesua ferrea, Hardwichia binata, 
Xylia dolabriformis, Pterocarpus santalinus, Dal- 
bergia latifolia, Soymida febrifuga. 

II .—Very hard.—Diospyros Ebenum, Acacia Catechu, 
Hentiera minor, Melanorrhcea usitata, CUoroxylon 
Swietenia, Schleichera trijuga, Shorea obtusa, 
Dcdbergia Sissoo, Pterocarpus Marsupium, Murraya 
exotica. Cassia Fistula, Prosopis spicigera, 
Terminaha Chebula, Anogeissus latifolia, 
Lagerstrcemia parviflora, Casuarina equisetifolia, 
Quercus incana, Q.dilatata, Q. semecarpifolia. 

D. Hard. Bassia latifolia, Buxus sempervirens, Tama- 
rindus indica, Lagerstrcemia Flos-Regince, Santa- 
lum album, Dipterocarpus tuberculatus, Hopea 
odorata, Shorea robusta, Mgle Marmelos, Melia 
indica, Chickrassia tcibularis, Zizyphus, Jujuba, 
Ougeinia dalbergioides, Pterocarpus indicus, 
P. macrocarpus. Acacia arabica, A. leitcophlcea , 
Albizzia LebbeJc, Terminaha bderica, T. tomentosa, 
'J'axus baccata, Artocarpus LaJcoocha, Borassus 
flabdlifer (outer wood). 

*• Moderately hard.—Pterocarpus dalbergioides, Tectona 
grandis, Dillenia indica., Schima Wallichii, 

•,o2 
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Dipterocarpus turbinatus , D. alatus, Pterospermum 
acerifolium, Adina cordifolia, Careya arborea, 
Eugenia Jambolana, Garuga pinnata, Buchanania 
latifolia, Odina Wodier, Cedrus Deodara, Pinus 
excdsa, P. longifolia, Cupressus torulosa, Juglans 
regia, Artocarpus integrifolia, A. Chaplasha, 
Ficus bengalensis, Boswdlia serrata. 

V.— Soft.—Michdia excdsa, M. Cliampaca, Cedrela 
Toona, JEscuLus indica, Kydia calycina, Bombax 
malabaricum, Sterculia alata, Semecarpus Anacar- 
dium, Spondias mangifera, Butea frondosa, 
Duabanga sonneratioides, Anthoceplialus Cadamba, 
Gmelina arborea, Trewia nudiflora, Ficus 
glomerata, Salix tetrasperma, Populus ciliata. 

VI.— Very soft.—Moringa pterygosperma, Gochlospermum 
Gossypium, Sterculia vittosa, S. urens, S. colorata, 
Erythrina spp., Wightia gigantea. 

Section V.— Flexibility. 

Flexibility in a wood means its capacity for being bent 
out of shape without breaking, whereas a wood which can¬ 
not be bent without breaking is said to be brittle. Flexi¬ 
bility is a property required by woods used for sieve-frames, 
basket-work, bent-wood furniture, planks for the curved 
sides of ships, etc., the thinner the pieces used the greater 
being their flexibility. The maximum amount of flexi¬ 
bility is obtained in woods with long straight fibres and free 
from knots, waviness, and decay. Soft light woods are more 
flexible than hard heavy woods,. because their loose structure 
allows the fibres to play one upon the other; hence soft root- 
wood is more flexible than stem-wood, and sapwood than 
heartwood. Moisture also increases flexibility, while dry¬ 
ness decreases it. Flexibility is temporarily increased by 
boiling or steaming, but after the wood has dried again it loses 
its flexibility and becomes more brittle than it was originally. 
Steaming is resorted to in the manufacture of bent-wood 
furniture and in the preparation of flexible planks for the 
sides of ships, which are nailed on while hot and damp. The 
injection of antiseptic substances renders wood brittle, while 
the presence of natural resin in more or less fluid form increases 
its flexibility, as in the young resinous branches of Pinus excdsa, 
which are readily bent. 

Young trees are more flexible than old ones, young coppice 
shoots being usually more flexible than seedlings: climbers 
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are the most flexible of woody plants owing to their long 

wlf v 8e &h r- £ ^° St ^ duces flexibility, rendering wood 
brittle. Examples of flexibility are to be found in canes 

and bamboos, the twigs and coppice shoots of willows, Indigofera, 
\ tiez, Celtis, and many other plants, as well as most climbers. 

Section VI. —Elasticity. 

Elasticity resembles flexibility to a certain extent in that 
it implies a capacity for being bent out of the original shape- 
ni addition to this however, it means the power of springing 
back to the original shape, whereas flexibility implies no such 
power. Thus whereas a flexible wood need not possess elasti- 
city, an elastic wood must possess a certain amount of flexi¬ 
bility. Elasticity is a property required by woods used for 
bows > shoulder-poles, spear-shafts, masts of 

0 fVf' 1Clty ’, % e flexibility, is increased by length and 
aightness of fibre, and freedom from knots, waviness and 
unsoundness, while it is diminished by frost. In most other 
cases, however, the factors which increase the flexibility of a 
wood tend to dimmish its elasticity. Thus dryness increases 
elasticity provided it is not excessive, while moisture decreases 
t, foi this reason green heartwood is more elastic than green 

ZT°° + ’ v? pre T* ° f resin in quantity increases 

asticity, while much fluid resin diminishes it, and much dry 

wTth i ° make wo °d brittle. Elasticity as a rule increases 
th specific gravity: thus the heavier wood of the stem is 

n™ e l aS ? C S an the lgllter wood of tlle roots > heartwood is 

is mnrt aS l tlC f th ?u sa f wood ’ whlIe slow -gi'own coniferous wood 

hx Zt aStl ° - than fast -g rown wood - Elasticity is increased 
•v slow seasoning. 

IndknVood°sT- g aTe eXampleS of some of the more e ^stic 


I- Very elastic— Bamboos, some canes, Grewia spp. 
Hardwickia bimta, Borassus flabellifer, Anogeissus 
latifolia, Areca Catechu (the betel nut palm) 
Mesua fenea. 

II.— Elastic.--Mmusops Elengi, Chlomxylon Swielenia, 
Acacia Catechu, Cosuarina equiseti/olia, Hopea 
odorata, Shorea robusta, Pterocarpus santalinus, 
Xyha dolabriformis, Artocarpus Lakoocha, Acacia 
arabica, Murraya exotica, Albizzui Lehbek, Dalbergia 
latifolia, Diospyros spp ., « Dalbergia Sissoo , Ptero¬ 
carpus dalbergoidies. 
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III .—Moderately elastic.—Dillenia indica, Mangifera 
indica, Lagerstrcemia Flos-Regince, Tectona gran- 
dis, Mickelia excelsa, Mdia indica, Cedrus 
Deodara, Adina cordifolia, Dipterocarpus alatus, 
Cedrela Toona, Ckickrassia tabularis, Eugenia 
Jambolana, Gmdina arborea. 

Section VII.— Fissibility. 

Fissibility in a wood means the capacity for being split 
in the direction of the fibres. This splitting being usually 
effected by means of a wedge or similar implement. Fissi¬ 
bility is an important property on which various industries 
depend, for example the conversion of split fuel, the manufac¬ 
ture of wheel spokes, matches, oars, carriage shafts, basket- 
work, and matting, etc. The ease with which a wood may be 
split depends on the following considerations : — 

(1) Structure of the Wood. 

Long straight parallel fibres and homogeneous structure 
render fission easy, while wavy or anastomosed fibres, the 
presence of knots, dormant buds, and branches increase the 
difficulty of splitting. Thus the wood of trees grown in close 
canopy, and so having straight clean boles, is better adapted 
for splitting than that of branchy trees grown in the open. 
Trees with fissile wood can usually be recognized by the straight 
parallel grain of their bark, as opposed to trees with bark 
r unnin g spirally or irregularly. Branch-wood and root-wood, 
owing to their twisted grain, are more difficult to split than 
the wood of the stem: the wood of the stump, however, is 
usually the most difficult of all to split, owing to the irregular 
grain where the roots meet the stem. 

The degree of coherence of the fibres themselves influences 
the fissibility of wood; the closest coherence of the fibres, 
however, will often not prevent a wood from splitting com¬ 
paratively easily in a radial direction owing to the presence 
of the medullary rays, which are natural lines of cleavage. 
Owing to these medullary rays wood is easier to split radially 
than tangentially, especially in the case of woods having large 
medullary rays. 

(2) Elasticity of the Wood. 

When a wedge is driven into an elastic wood, the wood 
on either side of the crack pressing on the wedge tends to 
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force the fibres apart some distance in front of it, thus 
facilitating the work of splitting. In a wood which is not 
elastic the fibres are forced apart only by immediate contact 
with the point of the wedge, or, in the case of a brittle wood, 
are actually broken asunder by it. Hence as a general rule 
what tends to increase the elasticity of a wood also tends to 
increase its fissibility, other conditions being equal; thus 
frost, in diminishing elasticity and making the wood brittle, 
also diminishes its fissibility. 


(3) Amount of Moisture. 

As a rule green wood splits more easily than dry wood 
owing to the slighter degree of cohesion between the fibres. 
Dry wood, however, splits more easily than half-dry wood, 
owing to its greater elasticity. 

The following is a list of woods arranged in order of fissi¬ 
bility, as nearly as can be ascertained:— 

I. —Very easy to split. —Bamboos and canes. 

II.— Easy to split.— Picea Morinda, Abies Pindrow, 
Cedrus Deodara , Pinus longifolia, P. excelsa , 
Grewia tilmfolia, Evodia melicefolia, Tetramdes 
nudiflora, Tectona grandis, Cedrela Toona, Holar- 
rhena antidysenterica, Wrightia tomentosa , Bom- 
bax malabarieum, Odina Wodier, Garuga pinnata, 
Ficus bengalensis, F. religiosa, Buchgnania lati- 
folia, Spondias mangifera, Phyllanthus Emblica, 
Gmdina arborea. 

III. — Moderately difficult to split. — Mangifera indica. 

Acacia Catechu, Ficus Cunia, Lagerstroemia parvi- 
flora, Terminalia belerica, Eugenia Jambolana, 
Dalbergia Sissoo, Rhododendron arboreum, Pieris 
ovalifolia, Adina cordifolia, Albizza procera, A. 
Lebbek, A. odoratissima. 

IV. —Difficult to split.—Schleichera trijuga, Stereosper- 

mum suaveolens, Ougeinia dalbergioides^ Miliusa 
velutina, Anogeissus latifolia , Terminalia Chebula, 
Careya arborea, Shorea robusta. Acacia arabica, 
Quercus spp., Terminalia tomentosa, Butea 
frondosa, Boswellia serrata, Bauhmia racemosa. 
Cassia Fistula, Limonia acidissima, Tamarindus 
indica, Zizyphus jujuba. > 
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Section VIII. —Strength. 

By tlie strength of a wood is understood its resistance to 
(1) tension, (2) crushing, (3) shearing, (4) torsion, and (5) trans¬ 
verse strain. A description of the methods of testing the vari¬ 
ous kinds of strength in timber belongs to the province of 
Applied Mechanics, and cannot be undertaken here: we are 
concerned rather with the properties of timber which influence 
its strength, and the uses to which woods possessing one or 
other form of strength are put. In all cases the strength of 
timber is directly proportional to its soundness, and the fol¬ 
lowing remarks on the various kinds of strength refer to 
sound timber only:— 

(1) Resistance to Tension. 

The strength of a wood in resisting tensile strains, that is, 
forces acting in opposite directions and tending to pull the 
fibres of the wood apart, is called its tenacity. This tenacity 
is greatest in the direction of the grain, and in woods whose 
fibres are long and straight. It is diminished by steaming or 
boiling, and by continued moisture, but not by temporary 
wetting. Tenacity across the grain is much less in conifers 
and other soft woods than in harder woods. In actual 
practice wood is seldom called on to exert its greatest strength 
in resisting tensile strains, except in certain special cases, as 
in suspension bridges where the ropes are made of twigs; 
for example in the Punjab Himalayas bridges are made of 
the tough twigs of Parrotia Jacquemontiana twisted together 
into thick ropes. Tensile strength is a property required by 
all fibres used in rope-making. 

(2) Resistance to Crushing. 

This is the opposite of resistance to tension ; it is greatest 
in the direction of the fibres, depends largely on the lateral 
adhesion of the fibres, and is therefore reduced by moisture. 
Crushing across the grain takes place with a kind of shearing 
or sliding. Crushing strength is required in timber used for 
posts and piles supporting great Weight, wheel-spokes, etc., 
but in actual practice it is seldom called into account, 
because in such cases as a post supporting a heavy weight 
the post usually bends and breaks before it is crushed by 
the weight. Resistance to crushing generally varies with the 
hardness of the wood; thus the crushing strength of Mesua 
ferrea and Pterocarpus santalinus is twice that of teak and 
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about four times that of Bombax malabaricum. The crushing 
strength of dry timber varies from | to § of its tenacity. 


(3) Resistance to Shearing. 

This means the strength which resists the separation of 
the fibres by sliding away from each other, and is exemplified 
in woods used for purposes where they are subjected to much 
hammering or other wear and tear, for example piles, tent 
pegs, chisel handles, mallets, etc. It is greatest in the direc¬ 
tion of the fibres, depends on the cohesion of the fibres, and 
varies largely, but not entirely, with the hardness of the 
wood. 



(4) Resistance to Torsion. 

This is the resistance offered by a piece of wood to 
a couple of forces tending to twist the wood in opposite 
directions, as for example in capstans, windlasses, oil and 
sugar rollers, cart-axles, etc.; it is of little practical importance 
as the dimensions of the pieces of wood used can generally 
be made such that resistance to torsion need not fail. 

(5) Resistance to Transverse Strain. 

This resistance, usually known as transverse strength, is 
the most important form of strength in timber, being the 
strength required by beams, rafters, steps of ladders, axle- 
trees, cart-yokes and for many other purposes where wood 
is subjected to a transverse force which tends to break it. 
Transverse strength is increased by length and straightness 
of fibre and by uniformity of structure : thus the presence 
of knots and other flaws in timber reduces its strength. 
A superabundance of resin weakens timber. Generally what¬ 
ever tends to increase the elasticity of a wood also tends to 
increase its strength. Wood which has been slowly seasoned 
is stronger than quickly-seasoned wood; hence the wood of a 
tree killed by girdling is weaker than that of a* tree which 
has been felled green and slowly seasoned. 

As woods of one and the same species frequently differ 
very greatly in transverse strength, some specimens having 
more than double the strength of others of the same^species, 
any list 0 f timbers in order of strength can only be approxi¬ 
mately correct. For example in sal timber the value of 
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P * varies from 300 to 900; variation to such, an extent is, 
however. Unusual Again, locality has considerable influence 
on the transverse strength of wood: thus the value of 
P for Xylia clolabriformis from Burma varies from 955 to 
1,191, while for Indian wood it varies from 402 to 836 in the 
same species. 

The following list gives some of the principal Indian 
woods arranged in classes according to the average value 
of P:— 

(i) P= 1,000 and over.—Pterocarpus indicus, Xylia 
dolabriformis (Burmese), Mesua ferrea. 

(ii) p—900 to l,0u0.—Pterocarpus santalinus, Eeritiera 
minor Dalbergia latifolia, Eardwickia binata. 

(in) P=800 to 900.—Scldeichera trijuga f, Acacia 
arabica, Borassus flabellifer, Acacia Catechu, 
Ougeinia dalbergioides, Soymida febrifuga, 
Pterocarpus dalbergioides f. Berry a Ammonillaf, 
Dalbergia Sissoo, Chloroxylon Swietenia, 
Terminalia tomentosaf. 

(iv) P=700 to 800.—Albizzia Lebbek % Anogeissus 
latifolia, Eopea odorata, Quercus semecarpifolia, 
Dipterocarpus tuberculatus, D. alatus, Shorea 
obtusa, Lagerstrcemia Flos-Regince, Cassia Fistula, 

(v) P—600 to 700.—Artocarpus integrifolia, Dillenia 
indica, Pterocarpus Marsupium, Pinus longi- 
folia, Grewia lilia;folia, Xylia dolabriformis 
(Indian), Chickrassia tabularis, Lagerstrcemia 
parviflora, Bombax maldbaricum, Michdia 
Champaca, Shorea robusta, Mangifera indica, 
Eugenia Jambolana. 

(vi) P=500to 600. — Adina cor difolia, Schima Wallichii'\, 
Odina Wodierf, Tectona grandis, Melanorrhcea 
usitata, Gmelina arborea. 

(vii) P—under 50 ( h—Sterculia wrens, Cedrelci Toona, 
Spondias mangifera, Cedrus Deodara. 

From the above list it will be seen that as a general though 
not an invariable rule the heaviest woods are also the strongest; 

*P is the coefficient of transverse strength, obtained from the formula 

p_ V' x J ‘ w jj ere yj j 3 tl ie smallest weight in lbs., which, placed on the middlo 
Bxb 1 ’ 

of a bar of wood supported at either end, causes it to break, L is the length of the 
bar between supports, in feet, B is the breadth of the bar in inches, and I) its 
thickness in inches. 

fP varies by more than 300 in recorded tests. 
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another noteworthy feature is the large proportion ot 
woods of the natural order Leguminosce among those possessing 
great transverse strength. 

Section IX.— Seasoning Power, and Liability to be 
Affected by Moisture. 

1. Seasoning . 

(1) Percentage op Water in Wood. 

Before it can be used for most purposes, wood requires to 
be made thoroughly air-dry: when in this condition it is said 
to be seasoned. Even well-seasoned wood contains a certain 
proportion of water which can be expelled only by artificial 
drying in hot air; the percentage of water in seasoned 
wood depends largely on the species and on the humidity of 
the atmosphere for the time-being. Experiments have shown 
the percentages of moisture in various air-dried woods to 
be as follows :— 

Lagerstrcemia parviflora,.l0’95%; Eugenia Jambolana, 
7 '26%; Albizzia procera, 6'84%; Quercus 
semecarpifolia, 6%; Q. dilalata, 5‘55%; Q. 
i incana, 4'75%; Pinus longifolia, 4*15%; P. 
excelsa, 2'55%. In the case of the two conifers 
the small percentage of moisture is no doubt 
explained by the presence of resin. The figures 
given here are below the average usually 

quoted for the proportion of water in air- 
dried wood, which is 10 to 20%. In green 
timber there is on an average about 45% 
of water, but the actual percentage depends 
largely on {a) the season of felling, there being 
more water present during the season of 
rest than during the season of vegetative 
activity, ( b) the portion of the tree, sap- 

wood containing more water than heartwood 
and young branch-wood more than stem-wood, 
(c) the quantity of resin, much resin diminish¬ 
ing the amount of water, ( d) the species of tree. 

(2) Rapidity op Seasoning. 

The rate of drying does not always take place uniformly 
throughout a log. Usually wood dries most quickly just 
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after being cut, subsequent drying taking place more slowly. 
The rapidity with which a wood dries depends on several 
circumstances, of which the following are the most 
important:— 

(a) Structure and nature of the wood. —Porous woods 

season more quickly than close-grained woods. 
Sapwood dries more quickly than heartwood. 

(b) Wood surface exposed. —The greater the extent of 

wood surface exposed in proportion to the volume 
of the wood, the quicker will the seasoning bo: 
thus seasoning is hastened by sawing wood into 
t hin planks. For the same reason a log which 
has been barked seasons more quickly than a log 
with the bark on. Wood seasons most rapidly 
on a transverse section and least rapidly on a 
longitudinal tangential section. It stands to 
reason that a large log or piece of wood will 
take longer to season than a small one. 

(c) Condition of the air and locality. —Seasoning is 

slow in a damp cool atmosphere, in a place 
closed to free access of air, and where the wood 
: is placed on damp ground, whereas it is rapid 

in a dry, warm atmosphere with a free current 
of air, and where the wood is raised off the 
ground. Seasoning is quicker under cover than 
in the open, provided there is free circulation 
of air. 

<d) Method of seasoning. —There are various methods, 
described below, of hastening the seasoning of 
wood. Steaming or boiling followed by drying 
causes rapid seasoning; impregnation with anti¬ 
septic substances, however, is said to retard it. 
Timber which has been floated and then dried 
seasons more rapidly than timber which has not 
been placed in water, while seasoned wood when 
placed in water and afterwards again dried, 
takes a shorter time to dry again than green 
wood, which has been similarly dealt with. 

(e) Species of timber. —Some woods season completely in 
a year, but others take many years. Sal, for 
example, may not be completely seasoned 
after 10 years ; it dries quickly on the outside, 
but the inside remains moist for a long 
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time. Examples of Indian woods with various 
seasoning qualities are given below. 

• 2. Moisture in Relation to Wood. 

(1) General Account. 

The rate of absorption of moisture by seasoned wood 
depends generally on the same circumstances as the rapidity 
of seasoning: that is, the longer a wood takes to season the 
more slowly does it afterwards absorb moisture. The 
absorption of moisture becomes an important matter in 
cases where a wood requires to be as watertight as possible, 
for example wood required for wine-cask staves. In Europe 
these are made of oak, and it has been found by experience 
that the timber should be felled in winter, that is, in the season 
of rest, and not in spring, when the wood is more porous, 
and considerable loss of wine is liable to occur through leakage. 
In floating operations, also, the rapid absorption of water 
may become a serious obstacle, floating timber becoming 
saturated, or, as it is usually termed, ‘ ‘ waterlogged,’ ’ and 
sinking. In the Himalayas the floating of spruce, silver 
fir, Alnus nitida, and Juglans regia for long distances is for 
this reason impossible: deodar and Pinus exedsa , on the 
other hand, do not easily become waterlogged. Unsound 
wood absorbs moisture quickly. 


(2) Shrinking and Swelling. 

During seasoning wood loses volume and shrinks, while 
if it is placed in water or in a moist atmosphere it swells by 
the absorption of water. Shrinkage is greater the larger 
the quantity of moisture originally in the green wood; thus 
wood of the younger parts of a tree, as well as root-wood, 
shrinks more than stem-wood, while sapwood shrinks more 
than heartwood. There is least shrinkage in the direction 
of the fibres, that is longitudinally, and most in a tangential 
direction; hence the advisability of cutting planks in a radial 
rather than in a tangential direction. 

Shrinkage is greatest in a dry warm atmosphere. 


^3) Warping. 

When shrinkage of wood takes place more in some parts 
than in others, and not evenly throughout, the wood bends 
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or “ warps.” The extent of warping depends chiefly on 
the following considerations :— 

(а) Grain of the ivood. —Woods with even grain, and 

with tissues regularly distributed, warp less 
than uneven-grained wood: for this reason 
planks cut in a radial direction warp less than 
planks cut in a tangential direction, as in the 
former case the annual rings are regularly 
distributed along the plank, and do not tra¬ 
verse it at various angles. The wood of trees 
grown in the open, and thus having irregularly 
shaped boles, warps more than that of straight 
clean forest-grown trees. The timber of trees 
with twisted fibres is apt to warp badly. 

(б) Part of the tree. —Planks cut near the centre of 

a log warp less than those cut some distance 
from the centre. Sapwood warps more than 
heartwood, young wood more than old wood, 
and branch-wood more than the drier parts. 

(c) Species of tree. —Different woods vary greatly 

in the extent to which they warp, some seasoning 
well without any tendency to warp and others 
warping in spite of all precautions. Some 
examples of each class are given below. 

(d) Atmospheric influences. —Wood subjected to severe 

extremes of humidity and temperature is more 
liable to warp than wood kept under more 
equable conditions. Thus the wood of external 
plank walls exposed alternately to rain and 
to severe sun on the outside, while the inside 
remains more or less protected, is very liable 
to warp. Similarly, boards lying on damp 
ground, and exposed to sun and diy air above, 
warp and bend up at the ends. 

Prevention of warping. —Where warping is feared, timber 
should be seasoned well before cutting it into scantlings, 
and the scantlings should be allowed to season further before 
use; they should be stacked flat one upon another on a per¬ 
fectly level site and weighted on the top to keep them flat. 
Equal drying tends to prevent warping: hence the advis¬ 
ability of having all sides of the timber equally exposed 
to the air, turning it over from time to time if necessary. 
If required for fine work the scantlings may be stacked 
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vertically, by standing them on end, and kept moist for two or 
three months by frequently pouring water on them from above. 
English shipwrights cut their seasoned logs into scantlings 
of the required size and shape and leave them to further 
season for a year before using. Warping may be minimized 
by steaming or by soaking in or impregnating with oil. 
The warping of tables, doors, lids of boxes, etc., is prevented 
by constructing them of more than one piece of wood, the 
pieces being joined so that the grain of the wood should not 
lie entirely in one direction. 


(4) Cracking and Splitting. 

While wood dries it is frequently apt to crack and split 
through shrinkage. The extent of this cracking depends 
on a variety of circumstances, of which the principal are 
as follows :— 



(а) Extent of shrinkage .—Woods which shrink much 

are usually most apt to crack and split. 

(б) Rapidity of seasoning. —Rapid seasoning increases 

liability to crack and split. Hence wood felled 
in the dry season is more apt to split than wood 
felled in the rains: the removal of bark before 
seasoning also increases the danger of splitting. 

(e) Size and shape of logs. —The tendency to split and 
crack increases with the size of the log and 
the thickness and breadth of scantling. Round 
timber splits more readily than timber which 
has been roughly squared. 

(d) Structure of wood. —Want of uniformity of structure 

increases the liability to split. Cracks occur 
most in the radial direction, while in scantlings 
sawn through the heart cracks in the direction 
of the annual rings are often found near the pith. 

(e) Species. —Some species are more liable to crack 

and split than others: examples are given below. 

Prevention of cracking and splitting. —Generally speaking, 
whatever tends to lessen the rapidity of seasoning also 
tends to prevent cracking; hence a good safeguard in the case 
of wood felled in the dry season is to keep it covered 
with damp straw until the rains, when the danger of splitting 
is less. Another preventive, particularly in the case, of 
scantlings and sleepers, is to cover them with sawdust. 
Large cracks are prevented by rough squaring logs and leaving 
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a strip of bark at each corner. Too rapid evaporation at 
the ends of logs or scantlings, which results in the formation of 
cracks, may be prevented by smearing the ends with crude 
earth-oil, or with a thick layer of cowdung, or with tar over 
which a sheet of tough brown paper is pressed. Other 
special methods of preventing the formation of cracks are to 
bore a fair-sized hole up the centre of the log, or to saw 
it through longitudinally along one radius from the peri¬ 
phery to"the centre, as is done with billets of boxwood in 
Jaunsar, or to nail S-shaped clamps on the ends of the log 
where cracks are feared. Steaming followed by slow drying 
prevents the formation of large cracks. 

3. Methods of Seasoning Wood. 

There are various methods of seasoning timber, of which 
the following are the principal: — 

(1) Natural seasoning. 

(2) Water seasoning— 

(а) In fresh water. 

(б) In salt water. 

(3) Artificial seasoning. 

The artificial methods of seasoning are of little importance 
in India, and need be only briefly described. The natural 
method is the one most generally employed, though in the case 
of timber floated for some distance seasoning is assisted by 
the immersion in water. 


(1) Natural Seasoning. 

This consists of exposing the wood to the drying action 
oi the atmosphere without employing any artificial means 
of extracting the moisture from it. Timber should be allowed 
to season evenly and not too rapidly, and should therefore be 
placed in an airy situation, raised above the damp ground, 
and not exposed to sun and ram. In actual practice logs 
are* frequently left lying in the forest for some time, and 

become partly seasoned there; in this case exposure to strong 

sun and rain alternately should be avoided as much as possible 
by placing the logs in a shady place, and the logs should be 

turned over occasionally. f1 

Scantlings should be sawn from seasoned or partly 
seasoned logs and should themselves be left to season further 
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before use. The barking of logs hastens seasoning, but may 
induce cracks; it is, however, a necessary precaution where 
unbarked logs are liable to insect attacks, especially if the logs 
have to be left lying in the forest for some time. In Burma 
teak trees are killed by girdling three years before felling, 
in order to render the timber light enough to float; in these 
three years the timber thus becomes fairly well seasoned 
before the tree is felled. Firewood should be seasoned 
as rapidly as possible, and should therefore be cut and stacked 
in the dry weather. Further details on the stacking of timber 
and firewood for seasoning purposes will be found in Chapter 

III, Section IX. 

1 • 

(2) Water Seasoning. v. 

(a) Fresh water .—The method of water seasoning is a 
common one, its chief advantages being that it shortens 
the time required for subsequent drying and promotes more 
even seasoning. For this purpose green timber is entirely 
immersed in fresh water for a period of time which may vary 
from 2 weeks to 6 months; it is then taken out of the water 
and subjected to the process of natural seasoning already 
described, the time required for seasoning being shortened by 
the immersion in water, which should be complete and not 
partial. The water should, if possible, be running water, 
stagnant pools being avoided. Green scantlings may be im¬ 
mersed in running water for two weeks and then dried quickly 
by stacking them vertically in an airy place: they will then be 
ready for use in about a month. The scantlings should be 
completely immersed in the water, being tied down or weighted 
if need be. Teak, Sal, Dalbergia latifolia and Terminalia 
bderica are said to improve by lying in water. 

(b) Salt water .— Seasoning in sea water has been practised 
from time to time, but opinions differ as regards its efficacy: 
it is certain, however, that the hygroscopic nature of the 
salt which impregnates the timber during immersion renders 
it objectionable for many purposes. Timber for ship-building 
is sometimes so treated before use, but such timber is said 
never to become perfectly dry, while it corrodes iron bolts 
driven into it. Nevertheless if a ship has had its timber well 
soaked in salt water it is allowed an extra year’s duration 
in its class when registered at Lloyd’s, on the ground that 
timber so treated is more durable than ordinary timber. 
It is perhaps unnecessary to mention the danger attending 
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the storage of timber in salt water infested with the Teredo 
and other boring animals. A Japanese method of seasoning 
timber in salt water is to store it in ponds artificially made 
near the mouths of streams in such a way that salt and fresh 
water can both be admitted, in the proportion of 6 parts of 
the former to 4 of the latter, the admission of the fresh water 
preventing the attacks of marine borers. 


(3) Artificial Seasoning. 

There are many methods of artificially causing the rapid 
seasoning of wood, but they are of little importance in India 
and often have little to recommend them; a detailed description 
of them is therefore unnecessary. The chief of these methods 
are (a) drying in a current of hot dry air, (b) extraction of sap 
by means of a vacuum, (c) boiling or steaming followed by 
drying, ( d ) drying over a smoky fire, ( e ) charring the outside 
of logs by fire, (/) packing wood in common salt, which, 
being highly hygroscopic, extracts the moisture from the wood; 
this is employed chiefly for finer woods, (g) seasoning by 
electricity, a somewhat recent French invention whereby 
the moisture is rapidly driven out of wood by electricity, 
tis place being taken by an antiseptic substance. 

4. The Seasoning Properties of various Woods. 

The seasoning properties of woods vary greatly according 
to species: in this connection the following remarks apply to 
Indian woods: - 

(1) Woods which season well .—Many of the better 
Indian timbers season fairly quickly and with 
comparatively little warping and splitting, for & 
example teak, mango, Chickrassia tabulgris, Uedrela 
Toona, Dadbergia Sissoo, Pterucarpus dalbergioides, 

P. Marsupium, Acaciu Catechu, Gmelina arborea, 
Albizzia Lebbek, Pinus longifolia, P. excdsa, 
Cedrus Deodara, Duabanga sonneratioides. 

12) Woods which take long to season.—Shorea robusta, 
Carey a arborea, Dipterocarpus tuberculatus, Taxus 
baccata. 

(3) Woods liable to warp and split.—Dillenia pentagyna, 
Shorea robusta, Rhododendron arboreum, Bischofia 
javanica, Casmrina equisetifolia, Quercus spp., 
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Adina cordifolia, Anogeissus latifolia, Terminalia 
tomentosa, Mesua ferrea, Schima Wallichii. 

(4) Woods liable to warp.—Eugenia Jambolana, Diptero- 

carpus tuberculatus, Miliusa velutina. 

(5) oods liable to split.—Hardwickia binata, Terminalia 

Arjuna, Mimusops hexandra, Xylia dolabriformis 
(if converted green). 

(6) Woods liable to shrink.—Heritiera minor, Schima 

Wallichii, Quercus spp. 

(7) TP oods liable to discoloration .—The woods of Bombax 

malabaricum and Butea frondosa should be 
converted green in order to obtain white planlcs; 
if allowed to season in the log the wood becomes 
discoloured. 


Section X.—Durability. 

) , 

1. General Account. 

By durability is understood the power of a wood to withstand 
decay and the attacks of insects and other forms of animal 
life; it is usually measured by the length of time a piece of 
wood will remain immune from attack. 

Decay or rot in timber is caused by certain fungi gaining 
admittance by means of spores which germinate and send 
out minute thread-like hyphce; these hyphse, which become 
massed together into a felt-like mycelium, eat into the wood, 
breaking down the cell-walls and disintegrating the tissues, 
the wood becoming, in popular language, decayed or rotten. 
The term dry rot is applied to the rot caused in timber by 
certain species of fungi, of which the most important is Merulius 
lacrymans. Dry rot is recognized by a change in the colour 
of the wood a dull sound when the wood is struck, decrease 
of specific gravity owing to loss of substance, the peculiar 
oduer of decaying wood, cracking and warping of the timber 
due to the shrinking of the tissues attacked; the wood becomes 
soft, being easily cut with a knife when wet, and when dry 
being friable and easily crushed to powder in the fingers'; 
finally, the mycelium of the fungus can be detected within 
the wood and possibly the sporophores will be found on the 
outside. 

Insects and other animals .—We are concerned here only 
with insects which affect the durability of timber, and need 
not therefore consider insects which bore into living trees 
or fresh-felled wood; these may be regarded rather as one 
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of the causes of defects in timber, and will be dealt with in 
Chapter I, Section XIII. 

The insects which test the durability of timber most 
severely in the tropics are undoubtedly the termites, or so- 
called white-ants, which destroy all but the most durable 
timbers. Much damage is also done by beetles chiefly belonging 
to the bostrichid and scolytid families, which bore into many 
of the less durable woods employed in interior work. Bamboos 
are also subject to their attacks, the familiar shot-borers 
being represented in India by many species, some of the principal 
being Dinoderus pilifrons, D. minutus, Bostrichus paralldus, 

1 and Sinoxylon ancde, all bostrichid beetles. The anobiid 
beetles, so destructive in Europe, have not been observed 

to any extent in India. . 

Among marine animals the most destructive is the moilusk 
Teredo navcdis, which bores into timber employed for harbour- 
works, ship-building, and other purposes where the wood 
is in contact with salt water. There are few woods which 
can resist the attacks of these creatures, which do incalculable 
damage, completely destroying all timber structures within 
their reach in a short space of time, which may vary from 
a few months to a few years. This animal is commonest in 
warm climates, but extends into cold latitudes. Fagtcea 
frayrans and Acacia Catechu are capable of withstanding 
the teredo; Chloroxylon Swietenia (Satinwood) is also said 
to resist it, but it is recorded that some years ago the piles of 
the jetties in Colombo harbour, Ceylon, which were chiefly 
composed of this timber, were so riddled by the teredo that 
they had to be renewed within twelve months. Among other 
woods said to be proof against the animal are Artocarpus 
Lakoocha and Bassia longifolia. Teak is slightly attacked, 
and other woods which are capable of resisting white-ants 
are not proof against the teredo. The only certain preventive 
of teredo boring is to coat the timber with copper sheets 
wherever it is in contact with the sea water. Where timber 
is stored in sea-ports it should not be kept in salt water; if 
it is desirable to keep it in water at all fresh watei should 
be admitted into the storage tanks until the salinity of the 
water has been reduced sufficiently to prevent the teredo 

from living in it. . 

Am ong other marine animals destructive to timber may 
be mentioned various other species of Teredo, and certain 
small crustaceans. In Burma teak timber stored in brackish 
tidal water is liable to be attacked by the boring moilusk 
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Martesia fuminalis, which, however, has not been observed 
to burrow more than about one inch deep, though this is 
sufficient to destroy the utility of the outer layers of the 
timber ; the storage of teak timber in brackish water, therefore, 
is not advisable. 

2. Factors on which Durability defends. 

The durability of timber, assuming it to be sound when 
felled, depends on a variety of circumstances, as follows:— 

(1) The Nature of the Wood. 

(a) Presence of sap .—The presence of sap and nutritive 
material reduces the durability of wood: hence sapwood is les3 
durable than heartwood. The seasoning of wood, thus getting 
rid of the sap, greatly increases its durability. A tree usually 
contains least nutriment in its wood just when its new flush 
of leaves is sent out; the most suitable time to fell trees, 
therefore, with a view to obtaining the most durable timber, 
and apart from all other considerations, would be the beginning 
of the growing season. 

(b) Specific gravity and hardness .—Although many of the 
heavier and harder woods are very durable, it does not follow, 
in the case of different species, that the durability t of a 
wood is proportional to its specific gravity or hardness; in 
one and the same species, however, this does hold, the 
harder and heavier the wood is the greater being its durability. 
The harder portions of a piece of wood are the most durable: 
thus we find the more lignified fibres of many timbers left 
untouched by white-ants, the softer intervening tissues being 
destroyed. In conifers the hard autumn-wood is more durable 
than the soft spring-wood, while in palms the hard outer 
wood lasts a long time after the soft interior has become 
decayed or destroyed by white-ants. In the case of one and 
the same species a dark heartwood usually signifies greater 
durability than a lighter heartwood, provided the colour is not 
caused by decay. 

(c) Presence of resin , oils, etc .—Woods are rendered 
durable by the presence of resin in quantity. The durability 
°f the wood of Artocarpus Lakoocha, which resists white-ants 
a nd probably also teredo, is due to a resinous substance in 
the wood. Some species, notably tpak and deodar, are 
naturally impregnated with an antiseptic oil which renders 
them among the most durable of woods. Certain woods contain 
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acrid or bitter salts which prevent them from being attacked 
by white-ants, for example Gapparis aphylla, Michelia 
Champaca, Mdia indica, and Scdvadora spp. 

(d) Age of tree. —The wood of middle-aged trees is Usually 
more durable than that of over-mature trees, which frequently 
has incipient decay in it before the trees are felled. 

(2) Treatment of the Wood after Celling. 

Wood left lying on the ground for some time in the forest, 
and exposed to alternate sun and rain, is far more liable to 
decay than if it is taken at once to a dry shed and seasoned 
in the proper way. 

(3) Use to which the Wood is Put. 

(a) Wood used in a dry place. —Wood always kept in a 
comparatively dry place, as for example in the interiors of 
houses in dry climates, and away from damp masonry, is 
not subject to decay, but is nevertheless liable to the attacks 
of white-ants and boring insects. Moisture encourages 
decay, the ends of beams let into damp masonry being 
particularly subject to dry rot. 

(b) Under water. —Most woods last for a long time when 
completely immersed in water, provided the water is not 
flowing with such rapidity as to wear away the wood. Many 
of our woods which have little durability when exposed to 
the air last fairly well under water, for example Butea frondosa, 
Terminalia belerica , Phyllanthus Emblica, and some species of 
Ficus. 

(c) Alternations of damp and dryness. —Decay is greatly 
favoured by alternations of damp and dryness, particularly 
in warm climates. 

(i d ) In or on the ground. —Wood embedded in the ground 
decays rapidly. In porous soils, where air is easily admitted 
and alternations of moisture and dryness take place readily, 
decay is more rapid than in stiff soils. The presence of organic 
matter greatly encourages decay. Timber buried deep in the 
ground lasts longer than that buried near the surface, where 
white-ants are most prevalent and rot is better able to 
attack the wood. In mines, cellars, and other damp places 
with little ventilation, wood is particularly liable to decay. 
In timber partly in the ground and partly out of it, most decay 
usually takes place at the ground level, where there is much 
alternation of wetting and drying. Similarly, wood lying on 
the ground is very liable to decay: thus wood for railway 
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sleepers is more severely tried than wood employed lor 
most other purposes, especially when the sleepers are embedded 
in badly-drained or dirty ballast. 

3. Methods of Increasing the Durability of Timber. 

Assuming that timber is sound when felled, and this 
depends largely on suitable sylvicultural methods, its durability 
can be greatly enhanced if certain precautions be taken: 
these are as follows:— 

(a) Only heartwood should be used where durability 

is desired, sapwood being removed. 

(b) Only thoroughly seasoned wood should be employed; 

there is nothing more conducive to dry rot 
than the employment of unseasoned timber. - 

(c) The ends of beams should not be embedded in 

damp masonry. When beams have to come 
in contact with masonry there should be a space 
for complete circulation of air round their ends, 
or the ends of the beam should have metal 
coverings. The lime used in the masonry 
should be thoroughly slaked, as quicklime injures 
the timber. 

(d) Timber infected with dry rot should never be 

stored near sound timber; the affected portions 
should be cut out and burnt. 

(e) There are various artificial methods of increasing 

the durability of timber, such as impregnation 
with antiseptic substances or treatment by 
Haskin’s process; these methods will be de¬ 
scribed in Part IV. Tarring, coating with paint, 
or charring by fire are to a certain extent useful, 
but are not to be relied on; charring to be 
effective should be deep, and this weakens the 
timber. To preserve bamboos from attack by 
boring beetles they should be placed in water 
as soon after cutting as possible to prevent 
the ingress of the beetles; to preserve them 
more permanently they should be soaked in 
water for 5 days and then dried for several days 
under cover/ after which they should be 
immersed in crude Rangoon oil for 48 hours 
If bamboo-work on houses be well smeared with 
crude Rangoon oil every year, it lasts longer 
than bamboo-work not so treated. 
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4. Classification of Woods in Order of Durability. 

As the durability of different woods varies much accord¬ 
ing to the uses to which they may be put, it is impossible 
to classify woods in a manner which will fulfil all conditions: 
the following classification is therefore only an approximate 
one:— 

(i) Extremely durable.—Tectona grandis, Acacia Catechu, 

HardwicJcia binata, Xylia dolabriformis, Fagrcea 
fragrans, Mesua ferrea. 

(ii) Very durable.—Shorea robusta, S. obtusa, Cedrus 

Deodara, Cupressus torulosa, Michelia Champaca, 
M. excelsa, Hopea odorata, Pentacme suavis, 
Soymida febrifuga, Chloroxylon Swietenia, Benya 
Ammonilla, Heritiera minor, Dalbergia Sissoo, D. 
latifolia, Pterocarpus dalbergioides, P. Marsupium, 
Lagerstroemia Flos-Regince, Artocarpus Lakoocha. 
(Hi) Durable.—Dipterocarpus tuberculatus, Melia indica. 
Cassia Fistula, Schima WaUichii, Ougeinia 
dalbergioides, Albizzia Lebbek, A. procera, Eugenia 
Jambolana, Cedrela Toona, Miliusa velutina, 
Careya arborea, Pinus excelsa, Gmdina arborea, 
Terminalia tomentosa. 

(iv) Fairly durable.—Quercus spp., Terminalia bderica, 

T. Chebula, Anogeissus latifolia, Pinus longifolia, 
Mangifera indica, Dillenia pentagyna, Diptero¬ 
carpus turbinatus, D. alatus, Schleichera trijuga, 
Odina Wodier, Acacia arabica. 

( v ) Slightly durable.—Bombax malabaricum, Butea 

frondosa, Erythrina suberosa, Boswdlia serrata, 
Trewia nudiflora, Ficus spp., Spondias mangifera. 

(vi) Perishable.—Moringa pterygosperma, Cochlospermum 

Gossypium, Dalbergia paniculata, Sterculia spp. 

Section XI.— Combustibility and Heating Power. 

1. General Account. 

By the combustibility of a wood is meant the readiness 
with which it catches fire, and having caught fire continues 
to burn until only ash remains. The heating power of a wood 
is the quantity of heat emitted by a given weight of wood 
during the process of combustion. When a wood burns its 
carbon and hydrogen unite with the oxygen of the air and 
pass off as carbon dioxide and water vapour, whilst the 
inorganic elements present in the wood remain behind as 
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incombustible asli. The conditions wbicb affect tbe combusti- 
bility of a wood do not always affect its heating power in the 
same way, but the two properties may nevertheless be con¬ 
sidered together and compared or contrasted as the case may 
be; the chief of these conditions are as follows:— 

(1) Dryness of the wood .—Moist wood ignites with more 

difficulty and gives out less heat than dry wood, 
because much of the heat produced is absorbed 
in converting the water into vapour. 

(2) Anatomical structure. —Porous wood ignites more 

readily and burns more rapidly than wood of 
dense structure, owing to the free admission of 
oxygen in porous woods. A steady heat is 
given out for a longer period by woods of dense 
structure than by porous woods. 

(3) Soundness. —Unsound wood gives out less heat than 

sound wood, as loss of carbon and hydrogen is 
occasioned by the disintegration of the tissues. 
Decayed wood takes fire readily and burns 
slowly and without flame. 

(4) Presence of resin , oils, etc. —The presence of resin, 

inflammable oil, and other similar substances 
increases the combustibility and heating power 
of wood: thus the small branches of many coni¬ 
fers burn readily when freshly cut and covered 
with needles. The resinous wood of the stumps 
of deodar and other conifers is used as torch- 
wood on account of its inflammable nature; 
in the Khasia Hills the wood of Pinus Kkasya, 
naturally very resinous, is artificially made 
more so for kindling purposes by cutting a hole 
in the lower part of the stem and removing the 
bark and a little wood just above it; the wood 
above the hole, which gets saturated with resin, 
is then cut out and used for kindling. 

(5) Size of the pieces of wood. —The smaller the pieces of 

wood used the quicker the combustion and the 
greater the heat given out in a short space of 
time, owing to the fact that oxygen can obtain 
ready access to the burning pieces of wood. 
If the fragments of wood are too small, however, 
combustion is retarded: thus sawdust burns 
with difficulty, merely smouldering and giving 
out little heat. 
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2 . Methods of Determining the Heating Power of 
Woods. 

Various methods have been employed to determine the 
heating (or calorific) power of woods, but the figures obtained 
thereby are often misleading and are of little practical value. 
The methods employed may be either chemical or physical. 
The chemical method consists in ascertaining chemically 
the amount of oxygen required during combustion to convert 
the carbon and hydrogen of a given quantity of wood into 
carbon dioxide and water vapour. Among physical methods 
one of the commonest is to find the quantity of water at 0 ° 0 ., 
which is evaporated by one pound of the wood at a given tem¬ 
perature and pressure; the water, instead of being at 0 C. 
may be at boiling point when the experiment starts, the quan¬ 
tity of water evaporated by 1 lb. of the wood being then deter¬ 
mined. For the sake of accurate comparison of different 
woods the wood should first be artificially dried until it has 
parted with all its moisture. The following figures have been 
compiled from the results of the experiments of Messrs. Leather 
and Collins with different woods:— 



1. Pinus longifolia 

2. Pinas excelsa . 

3. Quercus semecarpifolia 

4. Quercus dilatata 

5. Quercus incana 

6. Albizzia procera 

7. Eugenia Jambolana . 

8. Terminalia tomentosa 

9. Lagerstroemia parviflora 


Calorific 
power, 
taking that 
of carbon 
as 100. 

Number 
of lbs. of 
water at 
212° F. 
evaporated 
by 1 lb. of 

wood. 

97-85 

14-78 

96-92 

14-56 

93 

• . 

91 

. . 

90-8 

. . 

86-9 

1304 

85-4 

12-81 

84-9 

12-73 

83-5 

12-34 


, • 3 . Value of Woods as Fuel. 

The value of a wood as fuel by no means depends always 
on its calorific power, there being many other properties to 
take into consideration. Thus, although the calorific power 
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of Pinus longifolia is exceptionally high it is not a good fuel 
for ordinary purposes owing to the manner in which it crackles 
and throws out sparks; the wood of Diospyros tomentosa 
has a similar habit of throwing out sparks while burning. 
The wood of Tamarix articulate and Kydia calydna give an 
offensive smell when burning; that of Rhododendron cinna- 
barinum emits a smoke which causes irritation to the face and 
eyes. The wood of Rhododendron arbor eum is apt to smoulder 
instead of burning with a flame, while that of Boswellia serrate 
burns readily in small pieces, but slowly and with much 
smoke in large billets. Teak-wood is not a suitable fuel for 
cooldng purposes owing to its smokiness, though for heating 
purposes it is considered a good fuel. 

Although it is not always easy to find a reason for differ¬ 
ences m the quality of woods as fuel, persons who are in the 
habit of burning wood, whether for domestic or for industrial 
purposes, can soon determine which woods are suitable and 
which are unsuitable for their requirements. Among woods 
which are considered bad as fuel may be mentioned Michdia 

pZ L f^^r t U r a V lt 7 ina i a ’ Dalbergia cultrate , D. paniculate, 
Piens ovalijoha, Salvadora spp., as well as those above men- 
tioned. Local custom sometimes regards fuel woods from 
different points oi view: thus Schleichera trijuga is considered 
a good fuel in some parts, but in others it is not. Acacia 
arabica, too, although it is a good fuel and is largely used on 
railways, is sometimes objected to on the ground (wdiick mav 
or may not be correct) that it injures the boilers in burning 
ihe same objection is raised to Moms indica. b * 

Fuel woods require different properties according to the 
uses to which they are put: for warming a room a steady con¬ 
tinuous heat is desirable, whereas for bakers’ ovens and brick¬ 
kilns an intense heat is required for a short time. Certain 
fragrant woods are burnt as incense, for example Cupressu-s 
torulosa, Juniperm recurva, and Taxus baccate. 


Section XII— Colour, Grain, and Other 
Properties. 

The value of a wood for furniture, panelling, carving, 
turning, etc., depends largely on its colour, grain, and texture; 
these and other properties, such as scent, may therefore bo of 
considerable importance in affecting the demand for and the 
market price of various woods. We may conveniently deal 
with these properties separately under the heads of (1) Colour, 
(2) Grain and texture, (3) Odour and other properties. 
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1 . Colour. 

There is an immense variety in the colours of the various 
Indian woods, but by far the majority are some shade of red, 
yellow, brown, or grey, while many are whitish. The sapwood 
is usually pale in colour and of little interest; it is the heartwood 
which generally supplies the woods sought after for their 
handsome colouring. Most woods darken with age, so that a 
wood which may be yellowish or pale brown when freshly 
felled often turns a rich brown on exposure to the air for a 
time; this is the case with teak, Artocarpus Chaplasha and 
LaJcoocha, and many other woods. 

The Andamans padauk (Pterocarpus dcdbergioides) owes its 
value as a decorative wood to its rich red colour; this colour, 
however, fades on exposure to the air unless the wood be 
treated by French polishing or some other process which will 
protect the surface. This loss of colour is noticeable in other 
woods besides padauk. 

Some woods, instead of being uniform in colour, are streaked 
or mottled with darker or lighter markings: some of the most 
striking woods in this respect are to be found among the varie¬ 
gated ebonies, for example the woods known as the “ Marble- 
wood ” of the Andamans (Diospyros Kurzii) and the “ Cala- 
mander-wood ” of Ceylon (D. qucesita), in which bands or 
streaks of black are intermingled with a groundwork of greyish 
colour. Other, though less striking, examples are the 
following:— 


Species. 

Colour of groundwork. 

Colour of streaks. 

Rhus Cotinus. 

Dark yellow 

Brown. 

Pistacia integerrima 

Yellowish brown . 

Yellow and dark brown. 

Mangifera indica (old trees) 

Dark brown 

Black. 

Dalbergia Sissoo .... 

Brown 

Dark brown. 

„ cultrata .... 

Black .... 

Dark purple. 

„ Oliveri .... 

Red .... 

Dark red. 

„ latifolia .... 

Dark purple 

Black. 

Pterocarpus Marsupium . 
Hardwickia binata .... 

Yellowish brown 

Brown. 

Dark red or purplish . 

Black. 

Albizzia Lebbek .... 

Dark brown , 

Darker brown or light 
brown. 

Terminal] a tomentosa 

Ditto 

Darker brown. 

Juglans regia. 

Greyish brown 

Ditto. 


As the colour often varies much in different specimens 
of one and the same species, it is not possible to classify woods 
strictly according to colour: in the following list will be found 
a few examples of the commoner Indian woods arranged 
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as nearly as possible according to tlieir usual colours (heartwood 
being understood if it exists):— 


(i) White, yellowish-white, or greyish-white.—Holarrhena 
antidysenterica, Bombax malabaricum, Sterculia 
alata, Erythrina spp., Wrightia tinctoria, Murray a 
exotica, jEgle Marmelos, Gardenia spp., Buxus 
sempervirens, Spondias mangifera, Gmelina arborea. 

(ii) Pale pink.—Msculus indica, Woodfordia floribunda, 
Rhododendron arboreum (sometimes reddish- 
brown), Betula utilis. 

(Hi) Yellow (often turning broivn).—Berberis spp., 
Chloroxylon Swietenia, Sarcdcephalus cordatus, 
Adina cordifolia, Morus spp., Artocarpus integri- 
folia, A. chaplasha, A. Lakoocha, Gcesalpinia 
Sappan (orange-yellow). 

(iv) Grey.—Kydia calycina, Mangifera indica (young 

wood), Duabanga sonneratioides, Diospyros 
montana, Stereospermum chdonoides, Ficus 
bengalensis. 

(v) Red of various shades, including reddish-grey .— 

Dillenia indica, Mesua ferrea (dark red), Schima 
Wallichii, Heritiera minor (dark red), Mdia indica, 
Cedrela Toona, Pterocarpus dalbergioides, P. 
santalinus (dark red), Acacia Catechu, Carey a 
arborea (dull red), Lagerstroemia Flos-Regince, 
Dillenia pentagyna (greyish-red), Eugenia Jambo- 
lana (greyish-red), Pinus excdsa (pale red). 

(vi) Yellowish-brown or olive-brown. — Chickrassiatabularis, 

Pterocarpus Marsupium, Tectona grandis (turns 
dark brown), Santalum album, Cedrus Deodara, 
Michdia excdsa, M. Champaca. 

(vii) Reddish-brown.—Garuga pinnata, Soymida febrifuga 
(dark), Schleichera trijuga (light), Ougeinia dalber¬ 
gioides, Xylia doldbriformis, Acacia arabica (pink 
when fresh cut), Bassia latifolia, Quercus incana. 
(viii) Brown or greyish-brown.—Shorea robusta, o. obtusa, 
Dalbergia Sissoo, Aibizzia Lebbek, Terminalia 
tomentosa, Cupressus torulosa, Lagerstroemia parvi- 
flora, Juglans regia. 

(ix) Purplish.—Dalbergia latifolia (dark), D. cultrata (very 
dark), Hardwickia binata (dark), Prosopis spicigera 
(purplish-brown), T,erminalia Chebula, Anogeissus 
latifolia (purplish-brown), 
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(x) Blade.—Diospyros Ebenum, D. tomentosa, D. Melan- 
oxylon, Borassus flabellifer (outer hard wood). 


2. Grain and Texture. 

As has already been seen, the grain and texture of a wood 
influence its hardness, weight, strength, fissibility, and other 
properties; here, however, we are concerned rather with the 
ornamental effects of grain and texture and with their effect 
on the working qualities of woods. Certain woods have such 
a cross-grained structure that it is difficult to get a plane 
sharp enough to plane them smooth, for example Shorea 
robusta, Soymida febrifuga, Chickrassia tabular is, Hardwickia 
binata, and Xylia dolabriformis. A wavy grain often tends 
to make wood ornamental when cut longitudinally, by exposing 
alternate layers of fibres running in different directions on the 
cut surface. 

Exaggerated waviness of fibre, or the presence of numerous 
dormant buds, may greatly increase the value of a wood for 
ornamental purposes; thus the “ burrs ” of Albizzia Lebbek and 
Juglans regia are very valuable, fetching a much higher price 
than the plain wood. The ornamental “bird’s-eye” maple 
receives its markings from dormant buds, round which the 
fibres twist in various directions. 

The capacity of a wood for taking a good polish depends 
largely on its grain and texture, loose-textured soft or rough 
woods being inferior in this respect to more compact finer 
grained woods. Among common examples of rough woods may 
be mentioned Dillenia pentagyna, Schima WaUichii, Mangifera 
indica, and Eugenia Jambolana. 

For ornamental purposes one of the most important require¬ 
ments of a wood is a good silver-grain, which is exposed on a 
radial section, the medullary rays being cut lengthwise. Some 
woods possess no conspicuous silver-grain, but others, particu¬ 
larly those with large or medium-sized medullary rays, show it 
to great advantage: handsome woods, however, are frequently 
spoiled through faulty conversion, for it is often forgotten 
that to display the silver-grain the wood must be cut on a 
radial section or as nearly so as possible. Among woods 
conspicuous for their handsome silver-grain are CaraMia 
integerrima, Khizophora mucronata, Prunus Puddum, Cordia 
vestila, Ilex spp., Acer spp., Quercus spp., and several of the 
Meliacece, particularly Soymida febrifuga, Chickrassia tabular is, 
and Cfdorozylon Swietenia . 
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3, Odour and other Properties. 

Odour may affect the value of a wood favourably or 
adversely, according to its fragrance or disagreeableness. 
The most important of the fragrant woods of India is 
Santalum album , the Sandalwood of Southern India. Another 
fragrant wood is the Burmese “ Kalamet,” recently named 
Mansonia Gagei. Aquilaria Agallocha, a tree of North-East 
India and Tenasserim, gives the fragrant “Eaglewood” of 
commerce, found as masses of harder and darker-coloured wood 
in the interior of old trees. Among other woods possessing 
a certain fragrance may be mentioned Cordia fragrantissima, 
Alangium Lamarckii, Premna integrifolia, Mdia indica, 
Cupressus torulosa, and Cinnamomum spp., including the well- 
known camphor-wood of Japan ( Cinnamomum Camphor a). 

Many woods have a more or less disagreeable odour, 
common examples being Sterculia wens, Cedrda serrata , 
and Grewia oppositifolia, particularly when fresh cut. Some 
woods have other noxious properties; for example that of 
Semecarpus Anacardium contains an acrid juice, and timber 
cutters dislike cutting it owing to the irritation and swell¬ 
ing which the juice causes; similarly Holigarna Hdferi, also 
belonging to the Anacardiacece , has a black acrid juice which 
raises blisters. 

Section XIII.— Freedom or otherwise from Defects or 

Unsoundness. 

Under defects and unsoundness in wood are included 
all abnormal conditions of the wood which permanently re¬ 
duce its utility. Unsoundness, being due to one particular 
cause, namely, the attacks of fungi, will be considered separ¬ 
ately ; under defects may be included various abnormalities 
which will be dealt with first. 

1. Defects. 

Defects may be broadly divided into four classes, (1) 
Defects due to rupture of the tissues, (2) Defects due to manner 
°f growth, (3) Defects due to the presence of healed wounds, (4) 
Defects due to the attacks of insects or parasitic plants. 

(1) Defects due to Rupture of the Tissues. 

Such defects, which are technically known as shakes, arc 
caused by the separation of the fibres along one or more lines, 
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which may be comparatively short or may extend throughout 
the length of the tree. Shakes are of three kinds, (a) 
Heart-shake, (b) Radial-shake, (c) Cup-shake. 

(a) Heart-shake. —Heart-shake consists of a crack starting 
from the pith and extending outwards more or less radially. 
When there is only one crack, which may extend right across 
the pith, it is termed simple heart-shake (vide plate I, fig. 1), but 
when there are several cracks radiating out from the centre 
it is termed compound heart-shake or star-shake (vide plate I, 
fig. 2). Heart-shakes occur chiefly near the base of a tree, 
but may extend right up. They are caused usually by 
shrinkage of the inner tissues as the wood in the centre dries ; 
hence old trees, whose interior tissues have dried to some 
extent, and trees growing on unfavourable soils, are most 
liable to them. Heart-shakes in trees may also be caused by 
shock, whether by another tree in falling, or by the action 
of the wind, or when the tree itself is felled. After a heart- 
shaken tree is felled the heart-shake tends to spread further 
during the drying of the timber: to prevent this as much 
as possible the wood should be slowly seasoned, while the 
driving in of thin wedges of wood just in front of the cracks 
and across their path helps to arrest their extension. A heart¬ 
shake consisting of only one crack may not reduce the value 
of a log much for sawing purposes, particularly if the crack 
be a straight one, but if there are many cracks radiating 
the log is of little use as timber. 

(h) Radial-shake (vide plate I, fig. 3).—Radial-shakes are 
cracks commencing from the outside of the stem and extending 
radially inwards : they are caused by the contraction of the 
outer tissues, this contraction being most commonly due 
to the action of frost, in which case the defect is known 
as frost-crack. Radial-shakes may also be caused by sudden 
and excessive heat, such as a hot sun after a cold night, 
blasts of hot wind, or forest fires; these cracks may be 
aggravated by strong winds, causing the tree to bend and 
the cracks to extend further up the stem. Radial-shakes may 
close up shortly after being formed, but in the case of 
annual severe frosts or fires the crack may be kept open year 
after year, and a ridge is formed up the side of the stem 
owing to the more rapid growth of the tissues along the crack, 
where the pressure of the cortex is removed: in the case of 
frost-cracks these ridges are called frost-ribs. Trees which 
split easily are most subject to radial-shakes. 

(c) Cup-shake .— A cup-shake is formed when the crack 
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follows the direction of the annual rings ( vide plate I, fig. 4); 
it may extend for a distance varying from a few inches to 
the whole way round, in which case it is termed ring-shake . 
Cup-shake may be caused in various ways, for example by 
the shrinkage of the central tissues owing to the loss of 
moisture, by the action of frost, fire, or other forms of 
injury to the cambium, or by shock produced when the tree 
sways during a high wind, or when another tree falls against 
it, or when the tree itself falls. Cup-shake has also been 
known to follow a complete defoliation by caterpillars, 
giving a severe check to the nutrition of the tree, whereby 
the new wood fails to adhere to that of the previous year; 
it has also been observed to have been caused by fungus 
attacks where the mycelium spreads up the cambium. The 
degree in which cup-shake renders a piece of timber unservice¬ 
able depends on the extent of the defect and on the purpose 
for which the wood is required. Sometimes a combination 
of two or all three kinds of shakes occurs in one piece of 
timber, rendering it useless except as fuel (vide plate I, fig. 5 ). 


(2) Defects due to Manner of Growth. 

(a) Twisted fibre .—In this defect the grain of the wood, 
instead of running straight up the tree, twists spirally round the 
axis. The twist may occur from right to left or from left to 
right, the direction being constant in some species, but 
apparently not so in all. Certain species are more liable 
to twisted fibre than others, for example IIardwickia binata, 
Popidus euphratica, Boswellia serrata, and Pinus longifolia 
are often affected, while teak is remarkably free from the 
defect. The cause of this twisted growth is not accurately 
known : it is, however, known to be hereditary, and more 
prevalent in some places than in others. Trees with twisted 
fibres can be recognised by the corresponding twist in the bark, 
which is visible externally. Wood with twisted fibre is not suit¬ 
able for sawing into planks, as the wood is liable to warp, and 
it is also unsuitable for any purpose where straight split-wood 
is required ; it can, however, be used for large beams, 

(b) Ilnottiness. —Knots are portions of branches which have 
become enclosed in the wood (vide plate I, fig. 6). In broad¬ 
leaved species these knots do not differ in texture from the wood 
of the stem to such an extent as is the case in conifers, where 
the knots are often very hard and tend to become loose and 
fall out of sawn boards. The presence pf knots in large timber 
is not such a great disadvantage as it is in the case of sawn 
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planks and scantlings, where their presence increases the diffi¬ 
culty of sawing and planing, and weakens the boards, especially 
when the knot runs across the breadth of the board. The 
presence of knots in timber can be reduced to a minimum by 
growing dense-canopied woods in which the trees have no 
opportunity of sending out large side branches. 

(c) Wavy wood, and burrs (vide plate II, fig. 1).—These 
are more characteristic of some species than of others, and, 
as already explained in Section XII, they may greatly increase 
the value of a wood for ornamental purposes; where strength 
or fissibility are required, however, they can be regarded only 
as defects. 

(d) Interior bast issue. — The stems of certain species have 
a peculiar structure in that the tissues of the wood are separated 
at intervals by tissues of interior bast (vide plate II, fig. 2): 
this is seen in Bauhinia Vahlii, Millettia auriculata, Dcdbergia 
paniculata, Cocculuslaurifolius, many Convolvulacece, and certain 
Capparidece, such as Niebuhria linearis, Mcerua arenaria, and 
Cadaba trifoliata. Such a structure naturally renders wood use¬ 
less as timber. Bark and bast may sometimes be included within 
the stem of a tree by the growing together of two branches (vide 
plate VII, fig. 3), or when the trunk is strongly fluted, long 
strands of bast and bark being grown over at the fluted parts 
and remaining within the wood (vide plate II, fig. 4). Such a 
defect, which sometimes occurs in teak, reduces the size of 
the squares and planks which can be cut out of the logs. 

(e) Contortion produced by the encircling of climbers. The 
effects produced by climbers on the shape and development of 
trees are different according to the manner in which the climbers 
grow; some, like Rosa moschata and Acacia pennata, cling on by 
means of their prickles, while others twine round the stems of 
trees. As far as the shape of the bole goes the latter class is 
the more troublesome, in that the large twiners so common in 
tropical forests may so contort the stems of otherwise sound 
and valuable trees as to render them useless for timber (vide 
plate II, fig. 5). Systematic cutting of climbers in the forests 
is the only preventive of this serious defect in the timber of 
trees infested by them. 

(3) Defects due to Presence of Healed Wounds. 

(a) Covered surfaces of pruned branches. —However carefully 
a branch may be pruned, the new wood which grows over the 
wound never joins completely with the pruned surface, and even 
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if the surface be tarred it is difficult to prevent the ingress of 
fungi causing rot in the wood. Even the most careful pruning 
therefore results in a defect in the wood which considerably 
reduces its value (vide plate II, fig. 6). 

(b) Occluded' broken branches. - Where a branch is broken 
off a hollow usually forms, into which water settles; this induces 
rot, which may spread right into the heart of the tree and 
extend up and down the stem for some distance on either side 
of the wound (vide plate II, fig. 7). The wound itself takes a 
longer time to heal up than in the case of a pruned branch, so 
that the damage done by fungus attacks during the process 
of healing is more extensive owing to its duration. 

(c) Rindgalls. —These are defects in timber due to the 
inclusion within the wood of old healed wounds which may be 
caused by a variety of circumstances, such as passing carts, 
falling trees, barking by deer, bears, and other animals, fire, 
etc. During the process of healing rot is very liable to enter the 
wound and spread inwards, while the new wood over the wound 
does not join completely with the old wood, thus producing a 
defect which may be discovered only when the timber is sawn 
up (vide plate II, fig. 8 ). 

(4) Defects due to the Attacks of Insects or Parasitic Plants. 

(a) Insects. The insects which directly affect the com¬ 
mercial value of timber are the wood-borers, whose attacks are 
at times so destructive as to render wood quite useless as 
timber. \\ e may divide these insects into two classes according 
to their modes of attack: — 

(i) Insects which bore into living trees to lay their eggs or 
'pupate. —Against these successful preventive 
measures are most difficult. Some of the most 
destructive insects of this class known at present 
are the larva of the moth Duomitus ceramicus, 
popularly but erroneously called the “ bee-hole 
borer ” of teak (which bores large tunnels in teak 
trees in Burma and may so reduce the value 
of the wood as to make it useless except as fuel), 
Stromatium sp., a loligicorn beetle which bores 
into the heartwood of Sandalwood trees, and 
A pate jesuita, a bostrichid beetle which bores into 
Casuarina stems. 

(n) Insects which bore into dying or dead trees, or into 
newly-felled or partly-dried timber. —These are dealt 
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with differently according to whether they lay 
their eggs in the bark or bore into the wood to 
lay them; in the former case the wood should be 
barked as soon as felled, while in the latter case 
all dying or dead trees should be felled, and all 
newly-felled timber of any kind should be 
removed as soon as possible, a further safeguard 
being to place the timber in water at once. There 
are many important boring beetles of this class, 
chiefly bostrichids, scolytids, and cerambycids. 
Probably the most destructive sal borer is 
Hoplocerambyx spinicornis, which bores tunnels 
from to §" in diameter right into the heart- 
wood in order to pupate. The eggs are laid in 
the bark, chiefly of newly-felled wood; hence 
the necessity for barking the wood as soon as the 
trees are felled. 

(b) Parasitic plants .— Fungus attacks are dealt with below, 
under unsoundness; other parasitic plants are not usually of 
much consequence except where the wmod of the branches and 
upper parts of the stem is concerned. These plants belong 
chiefly to the order Loranthacece, the best known belonging to 
the genera Loranthus and Viscum ; they do damage by sending 
in haustoria which produce holes in the wood of their host, 
rendering it useless as timber and reducing its value as fuel. 

2 . Unsoundness. 

(1) General Account. 

The decay of timber in use has already been dealt with in 
Section X. We are here concerned with decay or unsoundness 
which enters the wood of standing trees and reduces its value. 
Slow decay may be caused by the oxidation and consequent 
decomposition of the tissues, particularly in old trees. The most 
destructive form of decay, however, is caused by the attacks of 
fungi, whose hyphae’ penetrate into the wood and break down 
the°tissues, causing rottenness, which is popularly termed 
red-rot or white-rot according to its colour. These fungi may 
obtain access through wounds in the bark, through the roots, 
or at the place where a branch has broken off, the water which 
settles there greatly facilitating the spread of the fungoid attack. 
Decay spreads rapidly into the tree, and may sometimes render 
the interior of the whole stem rotten, though the attack may 
often be merely local and only affect a small portion of the 
stem. When the disease appears on the outside of the tree the 
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affected portion is known as canker . Among root-parasites, 
tkat is, fungi which enter the stem through the roots, the 
most destructive hitherto detected in India is Fomes annosus, 
better known as Trametes radiciperda, which kills young 
deodar trees in the Himalayas and affects the wood of the 
lower part of the stem. Among those which attack the stem 
may be mentioned Trametes Pini, which causes red-rot in 
Pinus exceLsa, Polystrictus egregius, which attacks Dalbergia 
Sissoo, Fomes ( Polyporus ) fomentarius, found on Quercus 
incana and Betula alnoides, and Fomes fidvus and F. 
Pappianus which do much damage to Xylia dolabriformis 
and Acacia arabica respectively. 

(2) Detection of Unsoundness. 

(a) In standing trees. —Unsoundness may often be detected 
in standing trees by careful examination, though it is more 
difficult than in the case of felled timber. The tree should 
be examined for stag-headedness, the presence of broken dead 
branches, holes in the stem, swellings produced by the 
occlusion of wounds, signs of canker, blistering, or an abnormal 
flow of resin, gum, etc.; these may all be indications of decay. 
Finally, the stem should be struck with the back of an axe 
or similar implement, when a hollow sound will indicate a 
cavity in the stem, a dull soft sound the presence of decay, 
while a clear ringing sound, though not always a proof of 
complete soundness, will at any rate show that there is a 
considerable thickness of sound wood on the outside. 

(b) In felled timber. —The detection of unsoundness in 
felled timber is easier than in the case of standing trees. 
The ends of the logs should be examined for hollows, decay, 
and suspicious colouring or odour. If a hollow be found its 
length may be approximately determined by probing with 
a long pole or bamboo. Abnormal swellings on the side of 
the log should be cut open or bored into with an auger, 
the fragments extracted being examined for decay, which 
may be detected by the appearance, texture, colour, and 
odour of the chips/ The log should also be hammered at 
different points in order to test the presence of hollows or 
^‘cay. The examination of timber is easier when the logs 
are properly arranged on dry land than when floating in a 
river, lying in mud, or heaped up indiscriminately; hence 
the importance of arranging timber exposed for sale in such a 
manner that intending purchasers may have no difficulty 
in examining it. 
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CHAPTER II. 

INDUSTRIAL USES OF WOOD. 

There are few substances more widely used than wood, 
and although iron has superseded wood for many purposes, 
yet statistics show that the world’s consumption of wood 
is steadily increasing; a study of its various principal uses 
is therefore necessary to any one who is concerned in its 
production. Wood may be broadly classified, according to 
the uses to which it is put, into A.—Timber and B. — Firewood. 


A.—TIMBER. 

Section I. —Classification of Timber. 

The classification of timber varies greatly according 
to local custom, and no system can be said to be universally 
applicable. Omitting special classes of wood, such as 
paving-blocks, shingles, etc., we may take the following as a 
general classification of timber used for ordinary purposes:— 

(1) Round timber, that is, timber obtained by felling 

trees, removing the branches, and cutting the 
boles into pieces of convenient length, these 
pieces being variously classed according to 
dimensions as mast-pieces, logs, butts (short pieces 
cut off the thick ends of logs), spars (long poles), 
poles, posts, and billets, the last named how¬ 
ever being commonly obtained from branches, 
except in the case of small trees. The sapwood 
is often removed, or the timber may be other¬ 
wise roughly shaped to polygonal section, in 
which case it is commonly termed rough timber. 
Timber in the round is used for masts, piles, 
telegraph-poles, and many other purposes. 

(2) Squared timber. —Such timber is roughly squared 

with an axe or saw, squared logs being known as 
balks, which are of two kinds, (a) Squares, that 
is, completely squared logs, with rectangular 
corners, and (b) Waney balks, where the rounded 
surface of the log is left at each corner, these 
natural surfaces being called the wanes, and the 
trimmed sides being called the panes. When 
balks or round logs are split in two down the 
centre, each piece is termed a halj-balk. 
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(3) Sawn timber— This includes converted timber 
with at least two faces parallel to each other. 
Such timber cannot be classed according to 
any hard and fast rule, but the following classi¬ 
fication according to breadth and thickness 
may be taken as being fairly general 

Beams —9" x 9" to 18" x 18" (for large beams in houses, bridges, etc.). 

Scantlings— 4" x5" to 9" x 9" (for supporting floors and roofs, etc.). 

Planks —10" X 2" to 18" X G" (for wagons, bridges, and other pur¬ 
poses where thick planking is required). 

Boards and deals —(the latter being boards made of coniferous 
wood); 6" x £".to 12" x If" (for floors, door-panels, boxes, etc.). 

Battens —1" x |" to 7" X 3" (for door and window frames, etc.). 

Laths—2" x to 4"xl" (for lattice-work, supporting shingles on 

roofs, etc.). 

Section II.—Timber used in Superstructures. 

The term superstructure includes all parts of buildings, 
bridges, and similar structures which are not actually in 
contact with the ground or with water on or in the ground. 

1 . Superstructures of Buildings. 

The quantity of timber used in house-building depends 
largely on the available supply of that material; thus in richly 
wooded countries houses are frequently built entirely of wood, 
while in sparsely-wooded countries the amount of wood used in 
construction is reduced to a minimum, and consists only of that 
required for doors, windows, beams and rafters, and a few other 
purposes, the remainder of the building consisting of mud, 
stone, brick, or other material according to the class of building 
and the available supply of building materials. For the super- 
structures of permanent buildings of the better class the timber 
should be strong and durable, strength being required especially 
in joists, beams, and rafters, and durability being particularly 
necessary where the timber is in contact with masonry. Light¬ 
ness is a great desideratum, especially for timber in the roof, 
provided strength and durability are not sacrificed in the endea¬ 
vour to obtain a light wood. For flooring and wall-planking the 
timber should not be liable to warp or shrink, and should there¬ 
fore be well seasoned, while timber for such interior work as 
panelling, ceilings, etc., should be ornamental. Timber for 
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interior work is not so severely tried as that exposed to alterna¬ 
tions of rain and sun, such as wood used for external plank 
walls, shingles, etc., which are liable to warp and split; wood 
so exposed may be preserved by being periodically smeared 
with crude earth-oil. 


2. Superstructures of Bridges. 

Timber for bridges being particularly exposed to the 
influence of the weather, and being subjected to much strain 
by the application of heavy weights, great strength and dura¬ 
bility, as well as elasticity, are necessary, while if the road- 
surface is paved with wood this should be tough and hard. 

3. Woods employed for Superstructures. 

The employment of a building timber largely depends, 
apart from its suitability, on its prevalence in a given locality, 
while local custom and prejudice are often strong factors 
in determining the extent to which a wood is employed. In 
India it may be said that three timbers stand out above all 
others as building timbers in their respective regions: these 
are deodar in the Himalayas and adjacent tracts, sal through¬ 
out a great part of Northern India and the north of the Penin¬ 
sula, and teak in Burma and over the greater, part of the Indian 
Peninsula. Deodar, however, is sometimes objected to for 
internal work owing to its strong odour. In addition to 
these three, the following list of timbers, though representing 
but a mere fraction of the building timbers of India, embraces 
every province, some of the woods being used only locally and 
others having a wide range:— 

Pterocarpus dcdbergioides (Andamans padauk), P. Mar- 
supium, Xylia dolabriformis, Heritiera minor 
(Sundri), Mesua ferrea , Cedrela Toona, Artocarpus 
Chaplasha, Michelia Champaca, M. excelsa, 
Lagerstrcemia Flos-Regince, L. parviflora, Dal- 
bergia Sissoo, Acacia Catechu , A. arabica, Albizzia 
Lebbelc, Adina cordifolia, Anogeissus latifolia , 
Ougeinia dalbergioides, Dipterocarpus tuberculatus, 
Eugenia Jambolana, Terminalia tomentosa T. bele- 
rica, Bassia latifolia, Schima Wallichii, Cinna- 
momum Cecidodapkne, Pinus longifolia , P. excelsa, 
Shorea obtusa, Pentacme suavis. In addition to 
these may be mentioned bamboos, wliich are 
extensively used for rooling, walls, flooring, etc. 
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In some cases there is no accounting for local prejudices 
among the people against certain timbers for building purposes : 
such ideas are often mere superstitions which are as foolish as 
they are unreasonable, for example the prejudice against 
Acacia Catechu in some parts of the United Provinces, Albizzia 

Lebbek in parts of Madras, and Terminalia belerica in Mysore. 

» 

Section III.— Timber used in Contact with the 

Ground. 

Under this head may be included timber employed for 
piles, house-posts, telegraph-poles, fence-posts, mine-props, 
paving-blocks, and railway sleepers. 

1. Piles. ) 

When bridges, large buildings, or other heavy structures 
have to be built on soft earth it is necessary to first prepare a 
solid foundation by driving in wooden piles to support the 
structure. Such timber is greatly exposed to the action of 
fungi unless it is completely covered with water, as in the 
case of bridge piles: for this reason it should possess great dura¬ 
bility, while it should be tough in order to resist shearing and 
splitting when driven in by the heavy blows of the pile-driver. 
Piles should be made of round timber, in order to preserve 
their strength and lessen the work of driving them in ; for 
this reason the best piles are obtained from straight clean boles. 

The following are some of the chief woods suitable for 
piles:— 

Xylia dolabriformis, Fagroea fragrans, Shorea robusta , 
S. obtusa, Pterocarpus dalbergioides, Mesua ferrea, 
Acacia Catechu, Dcdhergia Sissoo, Careya arborea, 
Hardwickia binata, Lagerstrosmia Flos-Regince, 
and other tough durable woods. 

2. House-Posts, Telegraph-Poles, and Fence-Posts. 

Timber employed for these purposes is much subject to 
decay, especially near the surface of the ground, and it should 
therefore be as sound and durable > as possible, sapwood being 
removed. Straightness is a necessary quality for house- 
posts and telegraph-poles, and as they have to bear consider¬ 
able weight, strength is a further requisite. The species 
mentioned above as suitable for pilejs arc also suitable for 
house-posts, telegraph-poles, etc., while in addition may be 


63 


mentioned Cassia Fistula, Pterocarpus santalinus, Lagerstrcemia 
parviflora, Pterocarpus Marsupium, Albizzia Lebbek, A. odoratis- 
sima, A. procera, Eugenia Jambolana, Artocarpus Lakoocha, A. 
Chaplasha, Heritiera minor, Bridelia retusa, Pentacme suavis. 

/ 

3. Mine Props. 

Mining-timber is required for supporting the galleries of 
mines, and as it is employed in moist still air and often in 
contact with damp soil, it is much exposed to decay. For this 
reason durable timber should be employed, while it should 
also be sufficiently strong to support the sides and top of the 
gallery. 

Mining timber is usually employed in the round, in the form 
of poles and posts. Where mine-props are much in demand 
the most durable timber is often not available in quantity 
sufficient to supply the demand, in which case less suitable 
timbers have to be employed. Timbers which have been found 
most suitable in the Warora colliery, Central Provinces, are 
Terminalia tomentosa and Diospyros melanoxylon, while those 
employed at the Mohpani colliery, Central Provinces, are 
Terminalia tomentosa, Boswellia serrata, Odina Wodier, and 
Buchanania latifolia: other timbers are also accepted if of 
the proper size, except perishable kinds such as Erythrina 
suberosa, Cochlospermum Gossypium, Dalbergia paniculata and 
Sterculia urens. The principal sizes of props required are 6 to 12 
feet in length and 4 to 6 inches in diameter ; logs of Terminalia 
tomentosa over 3 feet in girth and 15 to 20 feet in length are 
also employed. 

4. Paving-Blocks. 

Wooden blocks have for many years been employed for 
paving the surface of the streets of large towns, and this form 
of paving, which has been found most successful, is coming 
more and more into use. The blocks are usually 6 to 12 inches 
deep, and 3 inches wide, and are placed on end on a firm founda¬ 
tion of concrete 6 inches thick, the blocks being cemented 
together by asphalt poured between them in a molten 
state. Wooden street-paving forms a durable and compara¬ 
tively noiseless road-surface, while the quantity of dust and 
mud produced is small compared with that produced on a 
macadamized road. It is essential that the concrete foundation 
should be perfectly firm and that the wooden blocks should be 
of uniform quality, otherwise the road-surface wears away 
unevenly, and hollows are formed In London the woods most 
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largely employed are injected pine and tlie Australian woods 
jarrah (Eucalyptus marginata) and karri (E. diversicolor). There 
can be no doubt that many Indian woods, if they obtained a 
fair trial, would answer equally well, particularly Xylia dol- 
abriforniis, which, as well as teak, has already been tried in 
Rangoon and found successful. The main requisites are dur¬ 
ability and resistance to wear and tear. 

I 

5. Railway Sleepers. 

I 

(1) Properties Required. 

Wood for railway sleepers should be durable, in order to 
withstand the attacks of insects and fungi and the climatic 
influences to which it is exposed: it should also be hard and 
tough enough to resist the cutting action of the rail or chair 
placed on it, and the strain to which it is subjected by the 
constant passing of heavy traffic over it. The wood should 
in addition be free from shakes and other defects, sound, 
free from sapwood, and not liable to warp and split. The 
sleepers themselves should be cut straight and of the correct 
dimensions, while they should be free from knots at the points 
where the spikes which hold the rail are driven into them. 
Half-round sleepers have a very limited use in India, the 
great majority of railways insisting on having squared sleepers. 

(2) Dimensions of Sleepers. 

In India there are four different gauges of railway lines, 
5 feet 6 inches (broad-gauge), 3 feet 3§ inches (metre-gauge), 
2 feet 6 inches and 2 feet 0 inch (narrow-gauges). There 
is a standard size of sleeper for each gauge, but in practice 
the actual size varies slightly on different railways. The 
following table gives the dimensions of sleepers for each 
gauge and the number of sleepers required per mile of rail:— 


Gauge. 

Standard dimen¬ 
sions of 
sleepers. 

| Standard 

Dimensions actually employed, j 

j per mile. 

Actual num¬ 
ber of sleep¬ 
ers used per 
milo. 

5' 0* 

0' (5” * 10' X 5' 

“i 

9' 0' x 9" x 5' to 10' 0" x 10' x 5'. 1,900 

1,760 to 2,200 

Hr 

6' 0' x 8' x 4|" 

0' 0' x 8' x 4" to T 0" x 9" x 5' ! 1,936 

1,900 to 2,460 

2' 6" 

6' 0' x 6' x 4' 

5' 0' x 6* x 4' and 4' 9" x 7J' x 4', ) 




■ [• 2,000 

Maximum 2,200 

2' 0' 

4' 0' x 6' x 4' 

4' 0" x 6’ x 4' [) 

** 


t 
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For light rails a larger number of sleepers are required per 
mile than for heavy rails. Where sleepers are sawn up in the 
forest and floated out it is customary to cut them about J 
inch larger in breadth and depth and 3 inches longer than 
the required size to allow for loss due to wear and tear in float¬ 
ing. At points and crossings specially long sleepers are required, 
their number varying with the length of tongue rail and the 
angle of crossing. In the standard switch and crossing most 
in use the total number of sleepers would be about 42, of which 
8 would be ordinary sleepers and 34 special sleepers of differ¬ 
ent lengths. 

(3) Woods employed for Sleepers. 

The Indian woods at present most used for sleepers are 
teak, deodar, sal, and Xylia dolabriformis, while more locally 
and to a smaller extent Mesua ferrea, Bischofia javanica, 
Lagerstroemia parviflora, Pterocarpus Marsupium, Hopea par- 
viflora, Terminalia tomentosa, and a few others are employed. 
Of foreign woods jarrah ( Eucalyptus marginata) from 
Australia and creosoted pine ( Pinus sylvestris) from Norway 
are employed. It is impossible to come to any definite conclu¬ 
sion as to the respective merits of the different woods used, 
as the various railway administrations differ in their opinions. 
A good deal of confusion has no doubt been caused by the 
fact that inferior woods have from time to time been passed 
off as something better, thus giving a bad reputation to the 
genuine article which it is difficult to remove. In judging of 
the suitability of a wood for sleeper purposes it is necessary to 
take into account not only its durability, but also its capacity 
for resisting wear and tear. In Northern India deodar and sal 
are the woods most employed; of these the latter, if of good 
quality, is superior to the former in resisting wear and tear, 
but is much more liable to warp. As regards durability there 
is little to choose between the two: on the Oudh and Rohil- 
khund Railway, however, the sal obtained from Nepal is con¬ 
sidered superior to deodar in durability as well as in resist¬ 
ing wear and tear. Teak is considered on most railways to 
be the best of all sleeper woods in every respect; it is, how¬ 
ever, often too expensive to use on a large scale, and on some 
railways it is used only for bridge sleepers which have to be 
bedded on ironwork, or for points and crossings. Xylia dola¬ 
briformis has a high reputation and is universally employed 
in Burma, except on iron bridges, where teak is used. On the 
Bengal and North-Western Railway it is ranked equal with 
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sal as the most durable sleeper wood, being considered superior 
to deodar, while on the Assam-Bengal Railway it also occupies 
the first place, being considered superior to sal; sleepers for these 
as well as for some other Indian railways are obtained from 
Burma, where there are large supplies of this timber in places 
as yet unworked owing to their inaccessibility. The best 
indigenous sleeper wood in Assam is Mesua. ferrea: it is an 
excellent wood, but is excessively hard and heavy, causing 
difficulty in conversion and extraction. 


(4) Causes of Deterioration in Sleepers. 

It may be said generally that the main causes of deteriora¬ 
tion in sleepers are rot, climatic influences, and mechani¬ 
cal wear and tear. Insects play only a secondary part, and 
are seldom destructive except on little-used sidings, where 
white-ants sometimes destroy the sleepers. The nature of 
the ballast used makes a great difference to the lasting power 
of a sleeper. The worst forms of ballast are clayey material 
which will not drain properly, soft decaying stone, and soft 
inferior kunker, which disintegrates into a clayey substance, 
sleepers will last best in clean ballast of broken stones, the 
ballast having a depth of 8 to 12 inches below the sleeper 
to ensure good drainage, and completely embedding it to 
Keep it, steady. In damp climates and in moist badlv-drained 
cuttings sleepers will naturally decay more quickly than 
in dry climates or on well-drained soil, while most mechani- 

cal wear takes place on sharp curves and on lines where the 
traffic is heavy. 

Various methods have been proposed or adopted to pro¬ 
long the life of railway sleepers, such as impregnation with 
antiseptic substances or treatment by Haskin’s process, de- 
scribed in I art IV. Impregnation, however, is not suited for 
hard close-grained woods, while the softer woods are inferior 
in mechanical powers of resistance. Splitting may be pre- 
ve ^ e( ^ by bolting the ends or binding them with hoop-iron, 
'wiile tarring helps to keep out moisture and prevent cracks 
and decay ; the bolting or binding combined with tarring is 
earned out in Madras at a cost of* 2| to 3 annas per sleeper. 

.’ w °°d sleepers are made more lasting in America by 
aving a slab of liard-wocd inserted at the points where the 
c airs or rails rest on them, while successful experiments have 
recently been made in India in the use of hard-wood dowels 
or P^ u £ s into sleepers of soft-wood, the rail spikes being 


driven into these dowels, which prevent the spikes from work¬ 
ing loose. 

(5) The Supply of Sleepers. 

The total length of railways in British India, including 
Native States, at the end of 1905 was 28,222 miles, of which 
53‘2 per cent, were 5 feet 6 inches gauge, 42‘1 per cent. 3 feet 
3§ inches gauge, 3’5 per cent. 2 feet 6 inches gauge, and 1 
per cent. 2 feet 0 inch gauge. During the ten years 1896 to 
1905 inclusive the average annual length of new line opened was 
875 miles, and if this figure be accepted as an estimate of the 
mileage of new lines to be opened for some years to come it 
will be readily understood that the quantity of sleepers required 
for new lines alone will be considerable, being probably well 
over 16|- lakhs of sleepers per annum, of which, however, a 
proportion would be of metal. In addition to this the number 
of renewals of wooden sleepers on existing lines would probably 
amount to at least 30 lakhs per annum, so that a total of 40 
lakhs of wooden sleepers per annum would not be too high an 
estimate of the number for some years to come, should the 
present proportion of wood to metal sleepers continue. 

It will be seen from these figures that the supply of 
the best kinds of sleepers from the Indian forests is by no 
means assured, particularly when it is considered that con¬ 
version into sleepers, and especially broad-gauge sleepers, 
is not as a rule so profitable as conversion into scantlings 
of various sizes, so that the more the demand for building 
timber increases the higher will be the cost of railway sleepers 
of the more durable kinds. It may, therefore, in time come 
about that other woods of less durable kinds will be more 
and more used for sleepers, particularly if these can be ren¬ 
dered more durable by impregnation or other means at a 
moderate cost: as a set-off against this there are still ex¬ 
tensive tracts of forest which are at present too inaccessible 
to work at a profit for sleepers, but which may become more 
accessible as Means of communication are improved. 

(6) The Respective Merits of Wood and Metal Sleepers. 

The scarcity of wood for sleepers has led to the extensive 
adoption of metal for the purpose, many of the Indian rail¬ 
ways being laid, in part at least, with metal sleepers. Various 
forms have been suggested, but the two forms in general 
use at present are the trough sleeper, shaped like a shallow 
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inverted trough made of iron or steel, and the pot-sleeper, 
consisting of two inverted iron pots supporting the rails 
and connected by an iron tie-rod. Metal sleepers, as com¬ 
pared with wooden sleepers, have various advantages and 
disadvantages, the chief of which may be summed up as 
follows:— 

The main advantages of metal sleepers are, (1) they 
last much longer than wooden sleepers; (2) 
with metal sleepers the gauge has not the same 
tendency to spread that it has on wooden sleepers 
owing to the wear on the latter; (3) the 
ballasting of the line is less expensive for metal 
.sleepers than for wood, as less ballast for drain¬ 
age and for holding the sleepers is required. 
The chief advantages of wooden sleepers are, 
(1) they have not the same tendency to shift 
on sharp curves and on stone ballast as metal 
sleepers, because wooden sleepers are heavier 
than iron ones and also exert more friction 
on the ground; (2) wooden sleepers are less 
liable to damage in transport than metal sleep¬ 
ers; (3) in India wooden sleepers are cheaper 
than metal sleepers; (4) wooden sleepers make 
a smoother running road than metal, thereby 
making travelling more comfortable and causing 
less wear and tear to the rolling stock and 
to the rails; (5) minor accidents, due to the 
breakage of sleepers, are less frequent where 
wood is used than where metal is employed. 


Section IV.— Timber used in Contact with 
Water. 

Under this head are included piles and posts for bridges, 
weirs, harbour works and similar constructions, water-wheels, 
well-curbs, water-pipes, sluice-gates, works for strengthening 
the banks of streams, wet-slides, booms, etc. Timber exposed 
to alternate wetting and drying is particularly liable to decay, 
and only durable timber should be employed: if the wood 
is kept constantly under water it lasts better than if exposed 
to occasional drying. Some woods, for example Anogeissus 
latijolia and Schleichera trijuga , do not last well under water, 
while others -which are not ordinarily durable will last a long 
time in contact with water, and are therefore used in well 
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construction and for water-troughs and similar purposes; 
among these may be mentioned Bornbax malabaricum, Butea 
frondosa, Ficus religiosa, F. glomerata, Phyttanthus Emblica, 
Terminalia belerica, Eugenia spp., Duabanga sonneratioides, 
DUlenia indica, and Erythrina suberosa. In addition to 
these many of the more durable timbers are largely used in 
contact with water, for example Tectona grandis, Shorea 
robusta, Xylia dolabriformis, Cedrus Deodara, Pterocarpus 
dalbergioides, Mesua ferrea. Acacia Catechu, A. arabica, 
Artocarpus Chaplasha, A. Lakoocha, ChicJcrassia tabular is, 
Lagerstrcemia Flos-Regince, Heritiera minor, Bischofia javanica, 
Ougeinia dalbergioides, Cassia Fistula, Mimusops spp., Fagroea 
jragrans, Cmdina arborea, etc. For water-pipes Borassus 
flahellifer and Phoenix sylvestris are largely employed, while 
fascines for supporting the banks of streams and for 
other protective works are made of coppice shoots or of 
bamboos. 

Section V.— Timber used in Machinery. 

Although iron has replaced wood to a great extent in the 
manufacture of machinery, still in rural districts, including the 
greater part of India, wood is largely or entirely used for such 
purposes as sugar-mills, oil-mills, rice-pounders and husking 
apparatus, Persian wheels, spinning-wheels, hand-looms, cog¬ 
wheels, etc. Wood for machinery is subjected to much wear 
and tear, and should therefore be hard and tough. Some of the 
principal woods used for oil-presses, sugar-mills, and rice- 
pounders are Tamarindus indica, Schleichera trijuga. Acacia 
arabica, A. Catechu, A. niodesta, Mimusops Elengi, M. hexandra, 
Odina Wodier, Albizzia LebbeJc, A. odoratissima, A. procera, 
Soymida febrifuga, Shorea robusta, /Egle Marmelos, Dalbergia 
Sissoo, Chloroxylon Swietenia, Terminalia tomentosa, Cassia 
Fistula, Vitex spp., etc. For spinning-wheels various woods 
are used according to locality: in Bengal they are made 
of sal or Anogeissus latifolia, while in the Central Provinces the 
frame is made of teak, the wheel having a* nave of Ougeinia 
dalbergioides and spokes of Acacia Catechu, of which the posts 
supporting the wheel are also made. Spinning and weaving 
machines in the Punjab are made of walnut, apricot, Cotoneaster 
and Olea ferruginea, while in Madras Hardwicka binata is often 
employed. In the United Provinces sal and Adina cordifolia 
are used for cog-wheels. The Persian wheels of the Punjab are 
largely made of Acacia arabica. 
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Section VI. —Timber used for Boat and Ship Building. 

1. General. 

Timber used in ship-building is subjected to enormous strains 
and is employed under conditions which tax its durability to 
the utmost: for this reason it should be strong and elastic, 
durable, and free from defects and unsoundness, while its weight 
will depend on the part of the vessel for which it is intended, a 
heavy wood being preferable for the keel, while for the upper 
parts a lighter wood is desirable. 

The hulls of sea-going boats consist of a keel, with a strong 
framework of ribs on which the outer planks are nailed. The 
ribs are made of naturally bent wood known as compass- 
timber, crooks, or bends ; these are sometimes artificially bent, 
but are then not so strong. In river boats there is usually no 
keel, the boats being flat-bottomed, while the framework is 
composed of knees, that is, curved pieces consisting of the main 
stem of a tree, with a branch making more or less a right angle 
with it: these knees are considerably further apart than the 
ribs of sea-going ships, while the degrees of curvature on the 
sides of river boats are not so varied as in sea-going boats. 

Teak is the best ship-building timber in the world, not only 
°n account of its durability, strength, and freedom from 
warping, but also because it does not corrode iron bolts and 
plates with which it comes in contact; for this reason it is 
used in the construction of iron-clads, for which purpose 
he best teak is exported to Europe. Lloyd’s register places 
eak in a class by itself, as being superior to all other timbers 
or ship building. Oak, though otherwise an excellant ship- 
uilding timber, contains tannic acid which corrodes iron, 
and is therefore not so suitable as teak. 

2. Hulls. 

Some of the woods most largely used in India for the hulls 
o boats, other than dugouts, which will be dealt with below, 

/ . e toa k, Sal, Heritiera minor (sundri), Pterocarpus dalbergioides 
Ho ^ artlaris padauk), Albizzia Lebbek, Artocarpxis Chaplasha, 
Ino °d°rata, Lagerstrcemia Flos-Regince, Calophyllum 
Shor^'” 1 ’ Eugenia Jambolana, Dipterocarpus tuberculatus, 
Ced e< *. °™ Usa ’ E. assamica, Pentacxne smvis, Dalbergia Sissoo, 
ferJ US J9 eo ^ ara > Chickrassia tabular is, Gmelina arbor ea, Mesua 
be 7 ^ ( ^ e ^ re ^ a Toona, Terminalia tommtosa, T, Arjuna, T. 
Mica, Adina cordijolia. Wood for dm floxibunda. Bombax 
1- o. F. 
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malabaricum, Sterculia urens, Mangifera indica, Mdia indica, 
Tamarindus indica, Cassia Fistula, Thespesia populnea, ' Odina 
Wodier, Acacia arabica, Dalbergia latifolia, Mdia indica, 
Sonneratia apetala, and Xylia dolabriformis, the last-named 
being much used for keels of sea-going boats. 

3. Masts and Spars. 

Timber for masts and spars should be long, straight, strong, 
and elastic, while lightness is also desirable. In Europe the best 
masts are obtained from slow-grown coniferous timber, while 
in India the chief woods used are teak, deodar, sal, Heritiera 
minor, Podocarpus neriifolia, Calophyllum polyanthum, C. 
inophyllum, C. spectabile, C. tomentosum, Lagerstrcemia Flos- 
Regince, Mesua ferrea, Cedrela Toona, Terminalia bialata, 
Homaliam tomentosum, Casuarina equisetifolia, Polyalthia 
fragrans, Vateria indica, and Grewia tilicefolia; large bamboos 
are also very commonly used. 

4. Oars and Helms. 

Oars should be made of straight-grained strong and elastic 
wood, lightness being also necessary in the case of long oars ; 
for short paddles heavier woods are sometimes used, though 
there is an obvious disadvantage in having a paddle which will 
sink if dropped into the water. In many parts of India oars are 
made with shafts of bamboos, a blade of sundri, mango, or 
other wood being fixed on the end. The chief woods used for 
oars are teak, sal, Heritiera minor, Artocarpus Chaplasha, 
Gmdina arborea, Dipterocarpus turbinatus, D. tuberculatus, 
Cedrda Toona, Terminalia Arjuna, T. tomentosa, Eugenia 
Jambolana, Pterocarpus Marsupmm, Careya arborea, Michelia 
Champaca, Morus laevigata, Lagerstrcemia parviflora, Dalbergia 
Sissoo, Grewia oppositifolia, Cedrus Deodara, Pinus longifolia, 
P. exedsa, Casuarina equisetifolia. 

Most of the species used for oars and masts are also used for 
helms, for which a strong and elastic wood is required, the strain 
on this part of the boat being considerable. 

5. Dug outs and Other Special forms of Boats. 

Dugouts are boats made by hollowing out a single log, and 
are largely used on many of the rivers of India and Burma: they 
are of all sizes, from small skiffs capable of seating one or two 
persons to large boats carrying merchandise, the capacity of 
the latter being often increased by having a dugout bottom 
surmounted by sides of planking. 
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Tlie common method of manufacturing dugouts is as fol¬ 
lows :— 

A straight log is selected and the sapwood trimmed off; the 
log is then placed on billets to keep it off the ground, care being 
taken to have the straightest surface underneath, to ensure that 
the bottom of the boat is straight. The log is then hollowed out 
with an adze, the breadth of the hollow at the top being about 
one-fifth of the girth of the log, though it is often made 
narrower in the centre than at the ends: the ends of the log are 
left solid for two or three feet, and are afterwards shaped to a 
point. To prevent the sides of the boat from being made too 
thin it is sometimes customary to bore small holes one inch deep 
at intervals along the sides of the log before commencing the 
hollowing or during the process of hollowing; these holes, which 
act as guides to the thickness of the boat, are afterwards filled 
up. When the hollowing is completed a fire is lit under the 
boat, cross pieces ( thwarts) being inserted to keep the sides 
apart; in Burma this opening out is further assisted by attaching 
ropes by means of wooden hooks to the sides of the hollowed 
log, these ropes being stretched tight to either side, tied to 
wooden pegs driven into the ground, and wetted to cause shrink¬ 
age and tension. To prevent cracking the opening out should 
be done gradually as the hollowing proceeds, and the wood 
employed should either be green or else be well soaked before 
use. Dugouts are often kept under water when not in use, to 
prevent the cracking which is liable to occur owing to exposure 
to the sun. On some rivers the ends of the hollowed log are 
trimmed flat and boards are nailed over them; this is necessary 
when there is an unsound heart to the log, but where timber 
is plentiful logs can be specially selected for their soundness, 
and this method need not be employed. 

Some of the principal woods employed for dugouts are 
Hopea odorata, Tectona grandis, Shorea robusta, Bipterocarpus 
tuibinatus, 1). alatus, D. tuberculatus, Bombax malabaricum, 
Terminalia myriocarpa, T. Chebula, T. tomentosa , T. Arjuna, 
Lagerstrcemia Flos-Regina, L. tomentosa, Mangifera indica, 
(jrmehna arborea, Artocarpus Chaplasha, Duabanga sonnera- 
tjoxdes, Mtchelia Champaca, Eugenia Jambolana, Cedrela Toona, 
i ecrameles nudiflora . 

Sampans are flat-bottomed boats largely used in Chittagono- 
Kangoon, and other ports; the largest are some 50 feet long by 
8 teet broad, and draw only 12 to 18 inches' of water. They are 
commonly made of planks of Cedrela Toona, f of an inch thick 
ailed to knees of the same wood; less frequently the planks are 
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made of Gmdina arborea or Terminalia belerica. Among 
other local forms of boats may be mentioned the river coracles 
(Tamil Parasal ) of Madras and elsewhere, made of a framework 
of split bamboo covered with leather, and the Madras 
catamarans, usually made of Erythrina indica, Ailantlius excelsa, 
Givotia rottleriformis, Gyrocarpus Jacquini, or Terminalia 
belerica. The surf-boats of Madras are chiefly made of Benya 
Ammonilla, a tough wood which can stand the severe strains 
to which these boats are subjected. 

Section VII.— Timber used in Joinery and Cabinet- 

Makino. 

By joinery is meant the fitting together of the smaller and 
finer classes of converted wood, usually for interior work, such as 
doors, windows, panelling, staircases, and other fittings. For 
these purposes, as well as for furniture, well-seasoned and easily- 
worked wood is required which does not warp or split and which 
holds well at the joints. For ornamental purposes a wood of 
good colour and grain, which takes a fine polish, is desirable. 
In the case of valuable ornamental woods veneers, or thin sheets 
of wood, are glued to less valuable woods. These veneers, 
which vary from J to ~ 0 of an inch in thickness, are prepared 
by machinery, either by fine circular saws or by special knives 
acting on steamed wood, and are sometimes afterwards pressed 
to give them a good surface. 

India possesses some furniture woods which are highly 
valued in Europe, for example Dalbergia latifolia (Blackwood, 
or Rosewood of Southern India), Juglans Regia (Walnut), 
Albizzia Lebbek (East Indian Walnut), Pterocarpus dalbergioides 
(Padauk, or Andamans Redwood), Chloroxylon Swietenia (Satin- 
wood), and Diospyros Ebenum (Ebony): the last-named is 
exported from Ceylon, but trees of sufficiently large dimensions 
are not plentiful enough in India to afford steady supplies. 
There are also many other woods which would be highly valued 
in Europe for ornamental purposes if they were better known: 
CaraUia integerrima, for example, would make beautiful panel¬ 
ling and parquet-flooring on account of its handsome silver- 
grain. Among the woods most used in India for furniture and 
joinery may be mentioned, in addition to those given above, 
teak, Dalbergia Sissoo, Artocarpus Chaplasha, A. Lakoocha, A. 
integrifolia, Cedrda Toona, Gmelina arborea, Pterocarpus 
Marsupium, Shorea robusta, Adina cordifolia, Mangifera indica, 
Ougeinia dalbergioides, Heritiera minor, Moms serrata, M. 
Imigata, Soymida febrifvga , Chickrassia iabularis , Cedrus Deodar a. 
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Pinus longifolia, and Pistada integerrima (for fine work). In 
Europe Rhus Cotinus, which also grows in the Himalayas, is used 
for inland cabinet work. 


Section VIII. —Timber used in Cart and Carriage 

Making. 

For the framework of carts and carriages a fairly lig ht 
wood is required, but this should be strong and elastic. The 
most important parts of a cart or carriage are the wheels, the 
axle, and the shafts. An ordinary wheel consists of a nave (hub), 
spokes, and felloes, and is usually encircled by a metal tyre. 
The nave has to bear great strain, and should therefore be of 
hard tough wood, free from defects and without sapwood; it 
should be hard enough to prevent the spokes from working 
loose in the holes (mortises) cut for their insertion in the nave. 
The woods most commonly used for naves are teak, sal, 
Dalbergia Sissoo, D. latifolia, Albizzia Lebbek, A. procera, 
Xylia dolabriformis, Chloroxylon Swietenia, Acacia Catechu, 
A. arabica, A. leucophlcea, Pterocarpus indicus, P. macrocarpus, 
P . Marsupium, P . dalbergioides, Anogeissus latifolia, Ougeinid 
dalbergioides, Mesua ferrea, Schleichera trijuga, Benya Ammonilla, 
Cassia Fistula, and Artocarpus integrifolia. 

Spokes should be made of well-seasoned straight-grained 
wood, free from defects and unsoundness, and without sapwood ; 
the wood should be tough and elastic, not liable to warp, split, or 
shrink, and hard enough not to work loose in the mortises of 
the nave and felloes. The chief woods for spokes are teak, sal, 
Heritiera minor, Dalbergia Sissoo, D. latifolia, Acacia Catechu, 
A. arabica, Ougeinia dalbergioides, Albizzia Lebbek, A. procera, 
Pterocarpus macrocarpus, P. Marsupium, Xylia dolabriformis, 
Hardwickia binata, Prosopis spicigera, Thespesia populnea, 
Diospyros melanoxylon, Carapa moluccensis, Artocarpus 
integrifolia, Lagerstrcemia Flos-Regince, Odina Wodier, and 
Benya Ammonilla . 

Felloes are subjected to much crushing, as well as to 
alterations of wet and dryness ; they should therefore be made 
of hard, strong, elastic, and durable wood, free from defects and 
—ness, and without any sapwood, while the wood 
should not be liable to expansion or contraction with varying 
conditions of moisture. The fibres should be cut through as little 
as possible, hence naturally curved timber is the most suitable, 
and where this is not obtainable the felloes should be cut from 
split sections of wood in such a way that the annual rings lie 
as much as possible in the plane of the wheel, that is, the flat 
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sides of tlie felloe should show a tangential section. The woods 
most in use for felloes in India are teak, sal, Dalbergia Sissoo, 
D. latifolia, Acacia Catechu, A. leucophlcea, A. arabica, Ougeinia 
dalbergioides, Melia indica, Schleichera trijuga, Albizzia LebbeJc, 
A. odoratissima, A. procera, Pterocarpus macrocarpus, P. Marsu- 
pium, Xylia doldbriformis, Berrya Ammonilla, Chloroxylon 
Swietenia, Casuarina equisetifolia, and Anogeissus latifolia. 
For the wheels of light carriages bent rims are sometimes 
employed, these being made of one piece of split wood, previ¬ 
ously steamed. 

In some parts of India, particularly in outlying rural districts, 
solid wheels are made of one piece of wood, or more commonly 
of three pieces held together by an iron tyre, or by iron clamps 
or plates. Woods used for this purpose are teak, sal, Pterocarpus 
macrocarpus, Acacia arabica, Careya arborea, Xylia dolabrifor- 
mis, Hopea odorata, and Mangifera spp. These solid wheels 
are to be found in parts of Madras, Bengal, and Burma. 

Shafts are made of straight-grained split wood, which 
should be tough, elastic, and free from defects, great strength 
being particularly necessary for carriage shafts owing to their 
thickness. The principal woods used for shafts are Heritiera 
minor, Tectona grandis, Shoreardbusta, S. Talma, S. Tumbuggaia, 

S. obtusa, Anogeissus latifolia, Acacia arabica, A. Catechu, Crewia 
tilicefolia, G. vestita, Pterocarpus Marsupium, P. dalbergioides, 
P. macrocarpus, Ougeinia dalbergioides, Mesua ferrea, Xylia 
doldbriformis, Diospyros Melanoxylon, Berrya Ammonilla, 
Briddia retusa, Terminalia tomentosa, T. bialata, T. myriocarpa, 

T. Chebula, Thespesia populnea, Strychnos pota'.orum, Dalbergia 
cultrata, Hardwickia binata, Homalium tomentosum, Chloroxylon 
Swietenia, and Pentacme suavis, while bamboos are largely 
used for buggy-shafts. 

Axles are made of tough hard wood; most of the woods 
suitable for shafts are used, some of the best woods being 
Anogeissus latifolia, Schleichera trijuga, Dalbergia Sissoo, Acacia 
Catechu, A. arabica, Shorea robustg, Heritiera minor, and Xylia 
doldbriformis. 

Yokes are made of a large variety of woods, one of the most 
generally used species being Gmdina arborea. The aerial roots 
of Ficus bengalensis are also used, while most of the woods 
employed for shafts are also suitable for yokes. 

The framework of carts is constructed of a variety of woods, 
tough hard woods being used where there is much strain or 
friction. Teak is perhaps the most universally suitable wood for 
the purpose. In the hills of Madras small rough carts made of 
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previously steamed; these splints are twice the length of the 
matches, and are cut into two^after having had each end 
dipped in the igniting substance. 

In Europe the chief woods jused for matches are aspen 
(Populus tremula), pines, and firs. In India various woods 
have been tried in the match factories which have been estab¬ 
lished at Calcutta, Ahmedabad (Bombay), Guntur (Madras), 
near Bilaspur (Central Provinces), and elsewhere: the woods 
which have been found to answer best are Exccecaria Agal- 
locha, Bonibax malabaricum, Elceocarpus robustus, Evodia 
fraxinifolia, Abies Pindrow, Juniperus recurva, Ailanihus spp., 
Erythrina- indica, Alnus nepalensis, Grndina arborea, Magnolia 
Campbellii, Heptapleurum datum, Sambucus javanica, Symplocos 
thecefolia, S. ramosissima, Sterculia mens. In the factory at 
Bilaspur Boswdlia serrata is used, but is reported not to be 
suitable for making good matches, being too hard and brittle, 
while it does not ignite well in damp weather: green wood is 
used, dry wood requiring to be boiled previous to use. Pinus 
longifoha is used by the Ranbhir Match Factory in Jammu 
State, though of coniferous woods Abiie Pindrow and Picca 
Morinda would probably be more suitable where they are 
plentiful. 

3. Lead Pencils. 


Mood for lead-pencils should be straight-grained and 
even-textured, easily cut, and free from knots and other 
defects. The principal wood from which lead-pencils are 
made, popularly known as cedar,—is a species of Juniper 
(Jumperus virgimana), found in the United States and 
uanada. Among Indian woods Junipems recurva is probably 
equal to this species, but is not available in sufficient quantity ; 
the qualities of other woods still await trial before their 
merits can be ascertained. 


4. Trenails and Pegs. 

Trenails are large wooden pegs of different sizes up to 28 
mcliKi long and 3 inches thick. The large sizes are used in 
ship building and are usually made of teak; the smaller sizes 
are employed in joinery and cabinet-making in place of nails, 
while small pegs are used by shoemakers. Wood for these 
purposes should be straight-grained, and hard enough to 
resist being flattened out when hammered in. 

5. Shoulder-Poles, Spear Shafts, Bows , and Fishing- 
These are usually made from split wood, although 
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bamboos are also largely employed, particularly for fishing-rods 
and lance-shafts, the latter being made of straight solid 
bamboos cut in the second or third year of growth, or even 
later. For all these purposes the wood should be straight¬ 
grained, tough, and elastic. 

For shoulder-'poles some of the principal woods used are 
Grewia tilicefolia, G. vestita, G. oppositifolia, Anogeissus 
latifolia, Quercus dilatata, Taxus haccata, Diospyros Mdanoxy- 
lon, and various bamboos. 

Spear-shafts are made of Areca Catechu, Cocos nucifera. 
Acacia Catechu, and other tough woods. 

Bows are made of Grewia vestita, G. oppositifolia, Acacia 
Catechu, Pentacme suavis, Taxus haccata, Areca Catechu, 
Garcinia speciosa, Lagerstrcemia tomentosa, Parrotia Jacque- 
montiam, and several kinds of bamboos, arrows being made 
of various reeds and bamboos. 

Fishing-rods in India are made of Caryota urens and of 
several kinds of bamboos: there are certain other Indian woods 
which deserve a trial, such as Thespesia populnea, Grewia spp., 
Acacia Catechu, Hardwickia hinata, Heritiera minor, and 
possibly Benya Ammonilla. The Grewias are strong tough 
and elastic woods, but have the disadvantage of developing 
minute cracks during seasoning ; the same applies to 
Anogeissus latifolia. 


Section X.—Wood used for Carving. 

Woods for carving may be'divided into two classes, first, 
those employed for carving into models, domestic utensils, 
etc., where an even-grained easily cut wood which will not 
warp or split is required, and second, those employed for 
ornamental carving, where in addition to being even-grained 
and fairly close-textured the wood should be ornamental. 

In the first class may be included Gmelina arborea, Wightia 
gigantia, Givolia rotUeriformis, Holarrhena antidysenterica, 
Msculus indica, Boehmeria rugulosa, WrigUia linctoria, and 
W. tomentosa, while among the more ornamental carving woods 
are teak,' Dcdbergia Sissoo, D. latifolia, Chloroxylon Swietenia, 
Juglans regia, Cedrda Toona, Pterocarpus dalbergioides, P. 
santalinus, P. Marsupium, Diospyros Ebenum, D. Melanoxylon, 
Santalum album, Pislacia integerrima, Morus serrata, Engdhardtia 
spicata, Mef/ia indica, Artocarpus Chaplasha, A. integrifolia, 
Ougeinia dalbergioides, Hardwickia hinata, Albizzia Lebbek, etc. 
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Section XI.— Wood used for Engraving. 

Engravers’ wood is used for preparing blocks for wood- 
cuts in printing; for this purpose the wood requires to be 
perfectly even-grained , and so close in texture that it will not 
absorb inks and colours unevenly or too freely, while it should 
not be liable to warp or split, and should be so hard that the 
sharpest edges carved on it will not get destroyed by the 
pressure to which it is subjected in the press. Boxwood 
(Buxus sempervirens) is superior to all other woods for en¬ 
graving, though for rough wood-cuts other even-grained 
woods are suitable. Among possible substitutes for boxwood 
may be mentioned many of the Rubiacece ( Randia spp., 
Gardenia spp., Ixora parviflora, Canthium spp., Wrightia 
tinctoria, W. tomentosa), and a few of the Rutacece (Limonia 
acidissima, Murraya exotica, and Atalantia monophylla). 

In parts of Bombay and Sind carved dies for stamping 
coloured patterns on cloth are made of Acacia arabica. 

Section XII. — Wood used for Turning. 

The variety of woods used for turning is considerable, 
the wood used depending on the purpose for which the turnery 
is required. For ornamental work the wood should be even¬ 
grained and capable of taking a good polish; the woods used 
for ornamental carving, already enumerated, are also suitable 
for turning, while in addition may be mentioned Soymida 
febrifuga, Cinnamomum glanduliferum, Acacia Catechu, Lagers- 
trcemia Flos-Reginai, Wrightia tomentosa, W. tinctoria, Olea 
ferruginea, Adina cordifolia, Schleichera trijuga, Tamarindus 
indica, Holarrhena antidysenterica, Dalbergia cullrata, Melan- 
orrhcea usitata, Xylia dolabriformis, Cassia Fistula, and Albizzia 
spp. 

For fine turnery, such as chess-men and draughts-men, 
boxwood and ebony is largely used, while for turning domestic 
utensils (milk-jars, etc.) some of the commoner woods employed 
are Gmelina arborea, Boehmeria rugulosa, Artocarpus integri- 
jolia, Msculus indica, Moms serrata, and Salix spp. 

Section XIII. —Wood used for Basket-Making. 

Baskets are most largely made from canes and bamboos, 
the latter being cut in the first year to ensure pliability; 
many dicotyledonous species are also employed, the chief 
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requisites being pliability (for which reason green stems should 
be used), toughness, and a fair degree of rigidity after drying. 
Twigs and coppice shoots are usually employed, some of the 
species commonly used being Vitex Negundo, V. trifolia, 
Grewia oppositifolia, Tiliacom racemosa, Helicteres Isora, 
Tamarix dioica, Dalbergia Sissoo, Panotia Jacquemontiana, 
Putranjiva Roxburghii, Indigofer a spp., Morus alba, Nyctanthes 
Arbor-tristis, and Salix spp. 


Section XIV.— Wood used for Packing-Cases. 

Wood used for packing-cases should be light, easily worked, 
and fairly soft, so that nails may be easily driven in without 
causing the wood to split, while the wood should contain no 
colouring matter or other substances likely to injure the 
contents of the box : for ordinary packing-cases the wood should 
also be reasonably cheap. In India there are large numbers of 
woods which answer this description, and yet the industry of 
making packing-cases, other than tea-chests and boxes for 
other special purposes, is not an extensive one, it being 
usually found more convenient to use old packing-cases of 
coniferous wood, usually known as deal, which have pre¬ 
viously contained goods brought out from Europe, and which 
are either made up afresh or used as they are. 

The tea-box industry is one which closely concerns India. 
In addition to the qualities mentioned above, wood for tea- 
boxes should not be liable to corrode the lead lining of the 
boxes; this disadvantage is possessed by many green woods, 
notably Mangifera sylvatica, Eryihrina spp., and Diptero- 
carpus spp., and hence care should be taken to use only well- 
seasoned wood. Deodar wood is unsuitable for tea-chests 
owing to the powerful odour of its essential oil. Wood for 
tea-boxes is sawn into | inch boards technically termed slioohs ; 
these vary in length and breadth according to the size of box 
required. There are many sizes of tea-boxes in use, the 
length usually varying from 20 to 27 inches, the breadth 
from 15 to 21 inches, and the depth from 13 to 20 inches in 
outside measurement; a smaller-sized box of 16 inches cube, 
inside measurement, is also sometimes used. Japan com¬ 
petes severely with India in the production of tea-boxes, 
large numbers of coniferous tea-shooks from Japan being 
annually imported into India. 

Among Indian woods some of the chief species used for 
tea-boxes are Cedrda Toona, C. microcarpa, Mangifera indica, 
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Bonibax malabaricum, Antliocephalus Cadamba, Duabanga 
sonneratioides, Canarium bengalense, Acrocarpus fraxinifolius, 
Tetramdes nudiflora, Acer Campbellii, A. Icevigatum, Alstonia 
scholaris, Dipterocarpus turbinatus, D. pilosus, Garuga pinnata, 
Engdhardtia spiccita, Echinocarpus dasycarpus, Nyssa 
sessiliflora, Shorea assamica, Machilus edidis, Beilschmiedia 
Roxburghiana, Boswellia serrata, Pinus longifolia, Abies 
Pindrow, Picea Morinda, Albizzia stipulata, Pinus excdsa, 
and others. In the case of many of the white soft woods, 
particularly Bombax malabaricum, the logs should be sawn 
up green, or if this is impracticable they should be seasoned 
for a period extending up to 2 or 3 months, not longer, in 
water. After the shooks are sawn up they should be stacked 
in a dry place, with spaces between each shook, until well 
seasoned, the time taken for seasoning being from 2 to 5 
weeks; owing to the danger of insect attacks and rot the 
shooks should be frequently examined, and should not be 
kept any longer than is absolutely necessary to season them, 
while in fine dry weather they should be stacked for a time 
on end outside to hasten seasoning. 

For opium chests mango, sal, and Adina cordifolia have 
been used, but the last named has not given satisfaction in 
Bengal, while sal if not thoroughly seasoned damages the 
opium, in addition to which disadvantage it is now considered 
too expensive. 

For cigar-boxes the best woods are Cedrela Toona, Mdia 
Azedarach, and M. composita ; Adina cordifolia is also used, 
but is not so suitable. 


Section XV.— Wood used for Agricultural. 

Purposes. 

In India agricultural implements are more largely made 
of wood than is the case in countries where agriculture is in 
a more advanced state; in such countries iron or steel are 
almost entirely used for the manufacture of ploughs, harrows, 
and such implements. The more important wooden agri¬ 
cultural implements in India are ploughs, harrows, rollers, 
clod-crushers, forks for making hay and lifting thorny branches, 
water-scoops, etc. 

Ploughs, harrows, rollers, and such implements are made 
of various hard strong woods, such as Dalbergia Sissoo, 
Shorea robusta, Anogeissus latifolia, Heritier'a minor. Acacia 
Catechu, A. arabica, A. modesta , A, leucopldcea, ScMeicherg 
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trijuga, Ougeinia dalbergioides, CJdoroxylon Swietenia, Xylia 
dolabriformis, Gareya arborea, Mdia indica, Diospyros melanoxy- 
lon, Quercus spp., Tectona grcmdis, Mdanorrhcea usitata, Pterocar- 
pus Marsupium, Mesua ferrea, Cassia Fistula, Zizyphus Jujuba, 
Hardwickia binata, and many others, the hardest and toughest 
woods being used for ploughshares and harrow-teeth. Water- 
' scoops, for scooping water from one field to another, are made 
of some fairly light wood which will stand alternate wetting 
and drying, for example Bombax malabaricum, Terminalia 
belerica, etc.; in Burma these are made of bamboo mat-work. 


Section XVI.—Wood-Pulp. 

1. General. 

Wood-pulp is a substance consisting of wood elements 
(fibres, etc.) separated out by various processes, and consists 
essentially of pure cellulose : wood-pulp affords material not 
only for the great bulk of the world’s paper supply, but also 
for the manufacture of a large variety of articles, as it is a 
substance which can be made in varying degrees of consistency 
from a very delicate fabric to a dense mass as hard as metal, 
while paper made from it varies in texture from fine filter-paper 
to imitation parchment ; it can be dyed any colour, and can be 
rendered fireproof and waterproof. Among other uses of wood- 
pulp besides paper manufacture may be mentioned picture- 
frames, plates, boards and planks of great strength, surgical 
bandages of high quality, roofing-material, artificial silk, thread 
for the weaving of cheap cloth, and the manufacture of nitro¬ 
cellulose explosives: solid wheels of railway carriages are some¬ 
times made of wood-pulp forced with great pressure into a 
skeleton frame of steel, the whole forming a rigid mass. 

Wood-pulp is termed mechanical or chemical pulp according 
to its method of manufacture, of which the process will be 
described below. Chemical pulp is superior to mechanical 
pulp for paper-making: at present, however, even the best 
chemical pulp does not produce paper of so lasting a quality 
as that produced from a mixture of cotton and linen, but 
improvements in its manufacture are so steady and rapid 
that in course of time it is possible that the most durable 
paper may be made from wood-pulp. 

Paper on which ordinary newspapers are produced con¬ 
sists of a combination of 70—80 per cent, mechanical 
and 20—30 per cent, chemical wood-pulp. To exemplify 
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the enormous consumption of wood-pulp it may be mentioned 
that one London daily paper has recently entered into 
a contract for the purchase of 10,000 tons of paper per annum 
for three years. Only coarse qualities of paper are produced 
from mechanical pulp, while chemical pulp is used for 
better classes of paper, the highest qualities being indis¬ 
tinguishable from the most expensive rag paper except to the 
eye of an expert. Some of the principal pulp-producing 
countries are Sweden, Norway, Canada, the United States of 
America, Germany, and some other European countries; Great 
Britain competes at a disadvantage with these owing to the 
scarcity of indigenous timber in large quantities and the cost 
of importing timber. 

Timber for wood-pulp should be soft, free from colouring 
matter, perfectly sound, and with as few knots as possible. 
The species chiefly used in Europe and America are soft coni¬ 
ferous woods (pine and fir) and various species of Popidus, 
trees between 6 and 20 inches in diameter at the base being 
preferred. There are many Indian species suitable for wood- 
pulp manufacture, such as Picea Morinda , Abies Pindrow, 
Pinus excelsa, P. longifolia, and many broad-leaved species. 
Good paper-stock has been prepared with bamboos, young 
culms being used for the purpose, and investigations are at 
present being made with a view to utilising the large quantities 
of bamboos in the Burma forests for this purpose. In 
establishing a wood-pulp factory a plentiful supply of clean 
water is an essential condition of success, as well as a sufficiency 
of timber of the proper kind : in the case of chemical pulp the 
necessary supply of the required chemical at reasonable rates is 
also a matter for consideration. 

« 

2. Mechanical Wood-Pulp. 

.To prepare mechanical wood-pulp the wood is first cut into 
billets from 1 to 2 feet in length and completely barked by a 
barking machine consisting of rapidly revolving knives ; all the 
bark should be removed, otherwise the pulp will contain dark 
spots. After barking, all knots are cut out and the billets are 
split in order to remove any unsound pieces: the pieces of 
wood are then fed into receptacles known as “ pockets,” in which 
they are pressed by hydraulic pressure against rapidly revolv¬ 
ing sandstone rollers, whereby the wood becomes ground down, 
the separation of the fibres being facilitated by a copious 
stream of clean water. During the grinding process the grain 
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of the wood is kept parallel to the surface of the grindstone. 
The disintegrated fibres are carried away by the water and 
passed through a series of sieves in order to separate out the 
coarser particles, which are usually ground over again. The 
pulp is then partially or completely dried, and is ready for the 
market. 

Sometimes the wood is specially treated before grinding, 
various methods having been employed from time to time. 
The grinding is greatly facilitated by first immersing the wood 
for 10 to 24 hours in a bath of boiling hot water with lime, 
soda-ash, or other equivalent chemical agent in solution; 
this lessens the adhesion of the fibres and toughens the fibres 
themselves. A large number of inventions for cutting and 
grinding the wood have been patented. 

3. Chemical Wood-Pulp. 

Chemical wood-pulp is prepared by subjecting the wood to 
the action of a solvent chemical which dissolves out all the 
substances contained in the wood except the cellulose, which 
remains to form the wood-pulp. Various chemicals have been 
tried, but there are three chief methods of manufacture which 
may be said to have proved commercially successful: these are 
(1) the sulphite process, (2) the caustic soda process, (3) the 
sulphate of soda process. The initial stages in the manufacture 
of chemical pulp are similar to those already described for 
mechanical pulp, that is, the wood is cut into billets, and bark, 
knots, and unsound parts removed ; the billets are then cut 
up by machinery into small pieces about 2| inches in 
thickness. The further process is then as follows :— 

(1) The Sulphite Process. 

The chips of wood are placed in digesters containing a 
solution of bi-sulphite of lime or magnesia for a period varying 
from 8 hours to 3 days at a temperature between 115° and 120° 
C. and under a pressure of about 7 atmospheres. When digestion 
is complete the pulp is washed with hot water, passed through 
screens to separate out coarse particles, collected into sheets, 
and packed into bales for export after drying. If* bleached pulp 
is required the mass is treated with bleaching-powder after 
digestion. As the sulphite liquor corrodes iron rapidly, and also 
acts on lead if the digesters have lead linings, brick linings arc 
pow used, and have been found successful. 
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(2) The Caustic Soda Process. 

The chips of wood are boiled for 8 to 10 hours in a solution 
of caustic soda under a pressure of about 10 atmospheres; 
caustic soda is expensive, but about 85 per cent, of the soda 
used can be recovered and used over again. The pulp pro¬ 
duced is greyish brown in colour, and darker than sulphite pulp, 
but it is usually easier to bleach. 


(3) The Sulphate op Soda Process. 

This consists in treating the wood chips with a solution of 
sulphate of soda in iron digesters. This process is cheaper 
than the caustic soda process, the chemical employed being 
considerably cheaper. Some of the soda can be recovered and 
used over again, but during the process of recovery sulphuretted 
hydrogen is given off, and as the odour of this gas is highly 
o ensive care has to be taken regarding the locality in which a 
sulphite-pulp factory is to be worked. 

Sawdust lias been tried for the manufacture of chemical 
wood-pulp, but hitherto without success, owing to the difficulty 
of gettmg the solvent liquor to circulate readily through it. 


Section XVII.— Miscellaneous uses of wood. 

1. Shingles „ 

Wooden shingles for roofing purposes consist of flat rect¬ 
angular pieces of wood, varying in dimensions, which are 
nailed to the framework of the roof in such a manner that 
they overlap and form a watertight roof covering. In Europe 
and m parts of India shingles are usually made of split wood 
of straight grain, but the greater proportion of the shingles 
used throughout the Indian Empire are sawn and not split. 
Large numbers of sawn teak shingles are used annually in 
Burma, where the greater proportion of the better class of 
houses have shingle roofs; the commonest size is I5"x5"xb" 
apermg to J". Shingles of Xylia dolabriformis are also 
occasionally used. In Assam split shingles of Evodia melice- 
• la ' a ^ood which splits very easily, are made of dimen¬ 
sions 18 XI6" XI". In Bengal the chief woods used are 
t astanopsis trihuloides , C. Hystrix, Quercus lamdlosa , Q. fenes- 
tmta, Q. pachyphyUa, Q. lancecefolia, Q. lineata, Machilus 
oaomtimma, Camrium sikkimense. In Madras Adina cordifolia 
is employed, while in the Andamans Pterocarpus dalberqioides 
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(Padaulc) and Lagerstroemia hypoleuca, are used, the latter 
being steeped in a mixture of earth-oil and gurjan oil. 
In the North-West Himalayas shingles are made of coniferous 
woods, chiefly deodar, Pinus longifolia, P. excelsa, Abies 
Pindrow, and Picea Morinda. In Ceylon Garcinia 
echinocarpa is largely used. 

2. Gun-Stocks. 

Wood for gun-stocks should be hard, close-grained, light, 
not liable to split or warp, quite free from knots and other 
defects, and perfectly sound ; it should be well seasoned before 
use. Wood impregnated with or damaged by salt water 
is useless, as it corrodes the steel or iron with which it comes 
in contact. The best wood for gun-stocks is Juglans regia, 
which requires three years to thoroughly season. Other woods 
are also used, some of which have the disadvantage of being 
too heavy: among the woods employed are Dalbergia latifolia, 
Mesua ferrea, Mimusops littoralis, Thespesia populnea, Dil- 
lenia indica, Gordin Myxa, Tectona grandis, and Psidium 
Guava. 

3. Walking-Sticks. 

Walking-sticks are made from a large variety of woods, 
some on account of their ornamental appearance and some 
owing to their straightness and toughness; the latter include 
the sticks used for hill-climbing, which are made of Coton- 
easter baciUaris, Prinsepia utilis, Prunus Puddum, Pyrus 
Pashia, Crataegus Oxyacantha, C. crenulata, Parrotia Jacque- 
montiana, Celtis australis, Olea ferruginea, and many other 
species. Large numbers of canes and bamboos are employed, 
the best known among the former in India being Calamus 
viminalis, C. acanthospathus, and C. latifolius ; several palms 
also furnish good and ornamental walking-sticks, for example 
the so-called “Porcupine wood,” which is the wood of 
the cocoanut palm. Among dicotyledonous woods which are 
not essentially hill species may be mentioned Diospyros 
Ebenum, D. Kurzii (Andamans “ Marble-wood ”), Pterocarpus 
dadbergioides (Andamans padauk), Albizzia Lebbek, Mur ray a 
exotica, Dalbergia Oliveri, D. cultrata; Greivia populifolia, and 
many others. 

4. Tool-Handles. 

Axe-handles are made of some hard tough straight-grained 
wood, among the species commonly used being Anogeissus 
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latifolia, Grewia spp., Quercus spp., Ougeinia dalbergioides, 
Olea ferruginea, Cotoneaster bacillaris, Myrsine semiserrata, 
Tamarindus indica, Zizyphus Jujuba, CMoroxylon Swietenia, 
Dalbergia cultrata, and Dendrocalamus strictus. 

For handles of chisels and similar tools some hard tough 
wood is required, which will stand repeated blows without 
splitting or becoming flattened out, for example Acacia 
Catechu, A. arabica, Mesua ferrea, Xylia doldbriformis, 
Chloroxylon Swietenia, Schleichera trijuga, Tamarindus 
indica, Mimusops liexandra, and many other species. 

5. Musical Instruments. 

For the sounding-boards, or bellies, of stringed instruments 
wood of regular structure is necessary, and it should be without 
any knots or other flaws which will injure the tone. The 
bellies of violins are made of very slow-grown coniferous 
wood, the sides being made of maple {Acer spp.). In India 
“ sltars ” an d similar instruments are made of teak, Cedrela 
Toona, Juglans regia, Sterculia mens, Gmelina arborea, Morus 
spp., and other woods, while Burmese harps are made v of 
Pterocarpus macrocarpus. Bamboos are also employed"' in 
the construction of certain instruments. For drums and 
tom-toms Gmelina arborea, Pterocarpus Marsupium, Odina 
Wodter, Garuga pinnata, Bombax malabaricum, Artocarpus 
integnfolia, Adina cordifolia, Albizzia stipulate. Media indica, 
1 rewia nudiflora, Sapium insigne, and Bassia latifolia are used. 

% 

6. Combs. 

The manufacture of wooden combs forms an important 
industry in several parts of India; the wood used should be 
fine and even grained, of dose structure, and free from defects. 
The chief woods employed are Adina cordifolia, Stephegyne 
parvifolia, Gardenia spp., Schrebera swietenioides, Olea ferru- 
ginea, Carissa Carandas, C. spinarum, Buxus sempervirens, 
Holarrkena antidysenterica, Gmelina arborea, Diospyros 
tomentosa, D. Melanoxylon, D. CMoroxylon, Mgle Marmdos, 
Holoptelea ( Ulmus) integrifolia, Pterocarpus ‘ Marsupium, 
Elcsodendron Roxburghii, Wrightia tinctoria , Dalbergia lati¬ 
folia, Pyrus Pashia, lxom parvifiora, Casearia tomentosa, 
and Gratceva religiosa. 

7. Various Articles. 

Tent-pegs require a hard tough wood which will not split 
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or become flattened out when hammered, for example Acacia 
Catechu, Xylia dolabriformis, Schleichera trijuga, Zizyphus 
Jujuba, Ougeinia dalbergioides, Anogeissus latifolia. Acacia 
arabica, Dalbergia Sissoo, and many others. 

Saddle-trees are extensively made of Zizyfhus Jujuba. 

Mathematical instruments, such as scales and foot-rules, 
are usually made of boxwood, while for wooden set-squares 
and T-squares pear-wood ( Pyrus communis) is largely used 
in Europe, although many even-grained Indian woods, such 
as those used for comb-making, would also be suitable. 

Tobacco-fifes and hookahs are made of Pyrus Pashia, 
Mesua ferrea, Dalbergia Sissoo, Phyllanthus emblica, Rhus 
funjabensis, Juglans regia, and bamboos. The briar 
pipes of Europe are made of Erica arborea. 

Toys and similar articles are usually made of wood which 
is easily cut and worked, such as Ghnelina arborea, Boswellia 
serrata, Adina cordifolia, Holarrliena antidysenterica, Cedrela 
Toona, etc. 



Section XVIII. — Utilization op Sawdust and other 

Waste Wood. 

Sawdust and other waste wood, that is, small pieces cut 
off during conversion, may be utilized in a variety of ways. 
A substance known as ‘ ‘ Xylolith ’ ’ is made of sawdust 
cemented together into a very firm material; it is used for 
decorative purposes, flooring, panelling, etc. As a packing 
material sawdust is well known; for this purpose it should 
be dry and free from dust. As litter sawdust is better than 
leaves or pine needles, as it absorbs liquid more readily and 
is clean and healthy; the manure obtained from sawdust 
litter is also good, as the sawdust rots quickly. Sawdust 
may be also used for mixing with clay to form fight porous 
bricks, or with mortar to increase its porosity. Sawdust 
is used in the; manufacture of explosives and of dyeing 
material, while treated with various chemical reagents it is 
used for the production of cellulose, vinegar, alcohol, sugar, gum, 
and oxalic acid. 

Wood-wool is the name given to fine strips of wood shaved 
off waste pieces or other pieces of wood by special planing 
machinery; these fine shavings are of various degrees of 
fineness, and are light, clean, and elastic, being used for 
packing, stuffing mattresses, surgical dressings, and many 
other purposes, 
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B— FIREWOOD AND CHARCOAL. 

V* J 

Section I. Firewood and Charcoal used for Heating 
and Lighting Purposes. 

Firewood plays a more important part in India tlian it does 
in many other countries where coal is more largely consumed. 
The value of woods as fuel is a subject which has already been 
dealt with on pages 42 and 43. It may be remarked generally 
that where wood is plentiful, and many different species are to be 
found, good fuel woods are almost certain to be obtainable. In 
arid regions, however, where' tree-growth is scanty, the pres* 
ence of at least one good fuel wood in quantity is a matter of 
importance: thus in the dry parts of the Punjab and elsewhere 
the wood of Prosopis spicigera, which is a good fuel, is largely 
used for locomotives and steamers, and is a valuable commodity 
in a region where tree-growth of any kind is scarce. For lighting 
purposes various forms of “ torch-wood ” are in use, for example 
pieces of the resinous wood from the stumps of deodar and pines, 
dry bamboos, etc. 

Charcoal, the manufacture of which will be described 
in Part IV, is a substance obtained by burning wood in a closed 
place out of contact with the air; owing to its intense, steady, 
and prolonged heat, and the absence of smoke, it is superior to 
ordinary wood for many purposes, such as ore-smelting, black* 
smiths and other metal-workers’ forges, cooking, machinery, 
etc. Specially fine charcoal for^ gunpowder is made from 
Calotropis gigantea, 11 arniltonia suaveolens, ColebrooJcia oppositi- 
folia, 1 rema orientalis, Sesbania cegyptiaca, Cornus macrophylla, 
Adliatoda Vasica, Salix tetrasperma, Mimosa rubicaulis, Cajanus 
indicus, Butea frond osa, Daphne oleoides, and certain plants 
which are not of forest importance, such as stalks of cotton 
and other plants. 

For lime-burning and iron-smelting charcoal from Bosivellia 
serrata is used in the Central Provinces, while for iron-smelting 
in the North-West Himalayas Picea Morinda, Abies Pindrow, 
and Pinus excelsa are employed. Goldsmiths use charcoal made 
from Rhus mysorensis, Cassia Fistula, Tectona grandis, Bassia 
latifolia, Acacia Catechu, and other species, as well as bamboo 
charcoal. Some of the best charcoal woods for general purposes 
are the following :— Acacia Catechu, A. arabica, A. modesta, 
Albizzia procera, Anogeissus latifolia, Lagerstroemia parviflora, 
Terminalta tomentosa, T. Oliveri, Zizyphus Jujuba, Schlcichera 
trijuga, Dillenia indica, D. pentagyna, Dalbergia Sissoo, Quercus 
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spp., Stereospermum suaveolens, Bassia loti folia, Melanorrhcea 
usitata, Dipterocarpus tuberculatus, Mangifera indica, and 
Tamarix articulata. Probably the best charcoal wood for 
blacksmiths and brass-foimders is Acacia Catechu. 

Section II.— Woods used for Products of 
Distillation. 

When wood is subjected to the process of dry distillation, 
that is, heated in a closed retort in such a way that the products 
of decomposition are collected, two primary products are ob¬ 
tained, viz., charcoal, consisting of carbon and the incombustible 
inorganic constituents of the wood, and pyroligneous acid, from 
which several important commercial products are obtained by 
further distillation or treatment with various chemicals. Among 
the more important products derived from pyroligneous acid 
are acetic acid, alcohol, chloroform, iodoform, methylene (used 
in making varnish), formalin, creosote, pitch and tar, besides 
many other substances. The manufacture of these products 
has not hitherto received the attention it deserves in India, 
but as time goes on it is hoped that a development of this 
industry will lead to the profitable utilization of many Indian 
woods which are at present of little or no value, while it should 
have a great bearing on the industrial progress of the country. 

Certain minor industries of local importance,, such as the 
manufacture of wood-tar and wood-oil, are described in Part 
IV. 
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CHAPTER III. 

FELLING AND CONVERSION OF WOOD. 

In this chapter we shall deal with the various methods of 
felling and converting wood, whether for the market or for any 
other useful purpose. In carrying out the work of felling and 
conversion our primary considerations should be to follow as 
far as possible methods which will do least harm to the forest 
and which will produce the largest quantity of such useful 
produce as there may be a demand for. 

The subject of this chapter will be considered under the 
following heads:— 

1. Implements used for felling and conversion. 

2. Season for felling. 

3. General rules of economic felling. 

4. Methods of felling. 

5. Extraction of stumps. 

6. Rough conversion of wood. 

7. Clearing of the coupe. 

8. Conversion of timber. 

9. Stacking of timber and firewood. 

Section I.—Implements used for Felling and 
Conversion. 

1. The Billhook. 

Billhooks are hewing implements differing greatly in form, 
but generally resembling a large knife or chopper. They are 
particularly useful for cutting brushwood, small poles and 
bamboos, trimming branches, preparing small billets of fuel, 
and similar purposes for which an ordinary axe would be too 
unwieldy. Various types and modifications of billhooks, as well 
as of similar implements used throughout India, are figured on 
plate III : these vary in weight from about 1 lb. to as much 
as 8 lbs., though most commonly they weigh from 2 to 4 lbs. 
Many jungle tribes use light axes where others use some form 
of billhook ; to the latter class of implement belong the 
Nepalese kukri, the da of the Burman, the dao of Assam 
and Bengal, the bakka of Central India, and various 
other implements, many of which have curved blades like 
sickles. 
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The Axe. 

The chief purposes for which axes are used are (1) fe lling , 
(2) trimming, (3) splitting, (4) grubbing: for each of these 
purposes a different type of axe is used, though most fe llin g 
axes can, if necessary, be used for all purposes. A typical 
axe consists of a metal head and; a wooden handle; the 
former is usually made of iron with a steel edge welded on, 
or, more seldom, entirely of steel; the handle is fitted to the 
axe-head through a hole (eye) in the latter. The portion 
of the axe-head in front of the eye is known as the blade, 
and that behind and on either side of the eye as the back of 
the axe. 

(1) The Felling Axe. 

The felling axe is the most important implement of the 
woodcutter, as it can be used not only for felling, but also 
for trimming, splitting, grubbing up roots, and other purposes. 

Shape and weight of axe-head .—The characteristics of a 
good axe are that its blade should be sharp and of the 
proper temper, neither too soft, in which case it would bend, 
nor too brittle, causing it to break. The edge of the blade 
should be slightly curved, as a straight-edged blade is liable 
to have its corners broken off, while it does not penetrate 
into the wood so well as a blade with a rounded edge, the 
centre of which meets the wood first. The blade itself should 
taper in the form of a narrow wedge, the sides being often 
made slightly convex to reduce friction: where the head 
is furnished with a round eye, and the back of the axe has 
in consequence to be rather broad, a tapering blade is obtained 
by giving it a concave form in front of the eye (vide plate 
IV, figs. 6, 8, 23, 27, etc.). In a good felling axe the weight 
of the head should be accumulated just in front of the eye; this 
gives it the best possible balance for delivering an effective 
stroke. 

The weight of the axe-head depends, apart from the 
strength of the woodcutter who uses it, on the hardness of the 
wood to be cut. For hard woods a lighter and thinner-bladed 
axe is required than for heavy woods, because for the latter 
extra weight is necessary in order to crush through the 
yielding fibres, whereas in a hard wood the fibres cannot give 
so much in front of the axe, and are cut through in consequence. 
Ihe weight of ordinary felling axe-heads varies from to 
4 lbs., but in some localities the latter weight is exceeded, 
while for small poles light lopping axes under 1| lbs. may be 
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employed. On no account should an axe be heavier than is 
absolutely necessary, as the heavier the axe the sooner ^does 
the woodman become fatigued, and the less will be the amount 
of work done. 

Form of eye .—The eye may be circular or oval, or more 
rarely square. An oval eye is the common type in European 
and American axes; its great advantages are that the handle 
cannot slip round in the eye, and that a thinner head and 
therefore more evenly tapering blade can be produced: on 
the other hand it is apt to fly off, as the handle can be fixed 
in only from below, and is tightened by means of wedges 
driven in from above. In' India the eye is almost always 
round; types of Indian axes with square or oval eyes are, how¬ 
ever, shown on plate IV, figs. 2 and 25. The advantage of a 
circular eye is that it is easily made and easily fitted with a 
handle; the handle is, however, apt to slip round in a circular 
eye. 

The handle .—The shape of the handle varies with that 
of the eye. In India straight round handles are the ride, 
these being fitted into the usual circular eye. Where oval 
eyes are used the handle requires to be fitted to the shape of 
the eye, and is usually given a suitable shape, so that a firm 
grip can be obtained and a true aim delivered; such a handle 
is shown in plate IV, fig. 1, which represents a useful 
type of American axe. To those not accustomed to use them 
American axes are not so effectively wielded as ordinary local 
axes, though they are essentially better implements in the 
hands of a woodman accustomed to use them than the 
majority of the country axes used. In the hands of an 
unskilful workman the handle of an American axe is liable to 
break near the eye, as it is thin at that point. The great 
advantage of a round straight handle is that it can be 
replaced without difficulty in the forest, by cutting a solid 
bamboo or straight stick of tough wood. Where American 
or other axes with specially shaped handles are used a supply 
of spare handles should be ready in case of breakages. 

Axe-handles vary in length frpm slightly under 2 feet 
to slightly over 3 feet, a convenient average length being 
2;i * ee h A list of the chief woods used for axe-handles is 
given on pages 82 and 83. 

Several different types of Indian felling axes are figured 
on plate IV. Among peculiar types of axes shown on this 
plate may be mentioned the Malabar axe (fig. 21), a some¬ 
what similar axe used in Travancore (fig. 36), the thari vachi 
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of Madras (fig. 26), and the kun (fig. 20) and kyettaung (fig. 
19) of Burma. 

The Malabar axe consists of a wedge-shaped head fitting 
into a hole in the handle, which is strengthened by two iron 
rings, one above and one below the hole. The axe shown 
in fig. 35, and used in Travancore, is somewhat similar, except 
that the head is held in position by a pin at the back. The 
thari vachi is of a similar type, except that the back of the 
head, which passes through a hole in the handle, is in the form 
of a bolt, a nut being screwed on behind ; the head can be fixed 
at any angle, and the implement can be used as an adze. The 
Burmese kun is an axe with a head made of hard wood, on the 
front of which a steel-tipped blade fits like a cap ; this blade can 
be turned round at any angle, adding to the effectiveness of 
the implement, which is wielded with great dexterity by the 
jungle people of Upper Burma, where it is used. The kyet¬ 
taung (“fowl’s feather”) has an iron conical head about 9 
or 10 inches long, the point of which is flattened out to a 
chisel-shaped blade with a cutting edge of about 2 inches. 
This iron head is fastened to a specially prepared curved 
handle consisting of a branch and a piece of the stem from 
which the branch grew; the stem-piece is slightly hollowed out 
to receive the iron head, which is firmly bound to it by strips 
of cane. The blade of this axe can be adjusted to any angle. 

For cutting bamboos, brushwood, small coppice shoots, 
and for lopping and similar purposes, special light axes are 
used. These axes, which average about 1 lb. in weight, but 
may be as light as \ lb., vary greatly in form, and among 
many jungle tribes take the place of b llhooks, their uses being 
similar. Various types of these light axes are figured on 
plate V, figs. 12 to 24. 

(2) The Trimming Axe. 

The trimming axe is used for cutting off the branches of 
fallen trees and for rough-squaring timber. For the former 
purpose a felling axe is sufficient, but for rough-squaring a 
specially heavy axe is necessary, those used in the North- 
West H malayas being as much as 10 lbs. or more in weight. 
Types of heavy tri mm ing axes are shown on plate V, figs. 1 
to 5. For rough-squaring these broad-bladed heavy axes are 
usually allowed to swing vertically, doing the necessary work 
of trimming the log by their own momentum alone: for this 
purpose they are furnished with specially long handles, the 
length of which varies from 3| to 4| feet. 
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(3) The Splitting Axe. 

This axe is intended for splitting wood longitudinally, 
being used chiefly for splitting thick billets of fuel into con¬ 
venient sizes. A splitting axe need not be very sharp, but 
should be heavy, some axes being as much as 8 lbs. in weight: 
the principal weight should be distributed round the eye and 
on the back, in order to give the axe driving power, while the 
blade should taper in the form of a wedge, though a slightly 
convex blade is also suitable. Several types of splitting axe are 
shown on plate V, figs. 6 to 11. 




(4) The Grubbing Axe. 

The grubbing axe is intended for digging round and cutting 
through the roots of trees and stumps. Its characteristic 
feature is a long narrow slightly curved blade, the length of which 
is about 12 inches, the cutting edge being 2 to 4 inches broad. 
In actual practice any old felling axe serves the purpose of a 
grubbing axe. 

3 .The Saw. 


The great advantage of the saw over the axe in felling 
and conversion is that it causes much less waste of wood. 
Saws were formerly made of iron, but all the best saws are 
now made of steel. The saw, which consists of a blade, toothed 
at one edge, is employed both for cross-cutting, that is, cutting 
across the grain, and ripping, or cutting with the grain. 

The following are some of the chief terms used in connection 
with the saw, for an explanation of which the reader is referred 
to plate VI, fig. 1. 

The face of the tooth (A B ) is that edge of the tooth which 
faces the direction of cutting. 

The back of the tooth is the opposite edge (A C). 

The space is the distance from point to point of two adja¬ 

cent teeth (A D). 

teethT Q u ^' et ^ the ent i re opening between two adjacent 
Tli ^ 

tooth G ^ a t°°th * 3 the angle between the face of a 
(angle CD A? line passing tlm >ugh the points of the teeth 

^i° f tlle teeth is the extent to which the teeth are 
bent to either side of the plane of the blade. 

mj ls the thickness of the saw blade. 

■ f i + i jjf t f le width of the cut made by the saw; it varies 
with the extent of the set. 



I 







92 


Action of the saw .— The teeth of a saw act with a combined 
cutting and tearing action, the latter taking place more m 
soft woods than in hard woods, as the looser fibres of soft woods 
can be more readily torn asunder ; for this reason more sawdust 
is produced in the sawing of soft woods than of hard woods. 

Shave of the teeth .—The sawdust produced m sawrng 
occupies on an average about six times the space occupiec 
by the wood from which it is produced; thus unless the gullets 
are made sufficiently large there will not be sufficient room 
for all the sawdust to lodge between the teeth until each 
stroke of the saw is finished, in which case the saw will be 
prevented from cutting. Types of saws with enlarged gullets 
ire shown on plate VI, figs. 2 to 5. Some of the most 
effective saws are the M-tooth saws of different kinds (plate Vi, 
figs. 6 and 7); these are specially designed to afford the 
largest possible amount of gullet-space between the teeth, 
in ^comparison to the number of teeth m a given length. 
Another plan is to have a tooth cut off or shortened at 
intervals; this is an old-fashioned method not adopted in 

modern saws. 1 , 

For saws which cut both ways the teeth should be sym¬ 
metrical, as in plate VI, figs. 4 and 5 ; for those which 
cut only one way the teeth are not symmetrical, the cutting 
face being at right angles, or nearly so, to the line joining t e 

points of the teeth. . ,, 

Sharpening saws .-To render the cutting action of the 
saw more efficient the faces of the teeth should be filed to a sharp 
edge like a knife. For saws which cut only in one direction 
the cutting faces of the teeth should be filed alternately on 
one side and on the other; this is shown^on^ plate V I, figs. - 
and 3. In the case of saws which cut m both directions bot 
faces of the teeth are filed, the teeth being filed altemately 
on one side and on the other as shown on plate Vl figs 
4 and 5. The filing is done with a triangular or flat file, ^nd 
care should be taken that it is evenly done on all ^’ Other¬ 
wise the line of the teeth will become uneven and the saw 
will loose much of its cutting power, while the projectmg 
teeth wiU be liable to break. To ensure the line of the teeth 
being kept even after repeated filing special perforated saw- 
blades have been devised. Fig. 8 of plate VI shows how 
this is effected. Saws used in saw-nulls can be sharpened 
rapidly by means of a special machine in which an emery wheel 
is brought in contact with each tooth in turn. 

Setting .—By setting is understood the bending of the 
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teetli of a saw alternately to one side and the other {vide 
plate VI, fig. 9). If the kerf of a saw were of the same 
breadth as the thickness of the blade the saw would stick 
fast and refuse to move; hence the necessity for setting, in 
order to increase the kerf. A wider set is necessary for soft 
woods than for hard woods, while long saws require a wider 
set than short ones. The set should never be more than double 
the thickness of the blade at the base of the teeth. Forest 
saws are commonly set by saw-sets, such as are shown on 
plate VI, figs. 11 and 12, but an ordinary saw-set of this 
form is very apt to make the setting uneven. If properly 
carried out, setting can be well done by giving the teeth a smart 
blow with a hammer, the correct set being obtained by placing 
the saw on a flat iron plate with its edge bevelled to the proper 
angle. Special setting implements resembling pliers are also 
in use. In America saws have been invented with perma¬ 
nently set teeth, the thickness of the teeth being greater than 
that of the blade. If all the teeth are not set equally the 
projecting teeth are apt to get worn down quickly or to 
break, while the sawn surface of the wood is disfigured by 
scratches. A well-set saw is figured on plate VI, fig. 9, and a 
badly set saw on plate VI, fig. 10. 

Forms and shapes of saivs .—Saws are known as two- 
handed or one-handed saws according to whether they are 
worked by two men or by one man. The former are the 
most important for forest purposes, being used for felling, 
cross-cutting into logs, and ripping into planks, sleepers, 
or other classes of converted material. One-handed saws 
are used by carpenters, and also for cutting firewood and 
other small material into short pieces. A number of differ¬ 
ent types of saws are shown on plate VII. Two-handed 
cross-cut saws should preferably have a convex cutting-edge, 
as shown in fig. 1. This facilitates sawing, in allowing 
for the swing of the arms, while in cross-cutting logs lying 
on the ground it is particularly advantageous, in that the 
log can be cut through without having to bring the putting 
edge, as well as the workmen’s hands, in contact with the 
ground, as is liable to be done with a straight-edged saw; 
with a convex cutting edge there is also more room for the saw¬ 
dust, as the cut itself is straight while the saw is curved (vide 
%. 2 ). 

Other advantages of a curved saw are that there is most 
weight^in the centre, where it is most required, and that the 
blade is broadest where it is most liable to wear down, there 
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being most sharpening required in the centre. A straight 
saw, on the other hand, is more easy to work, and is preferable 
to a curved saw in the hands of unskilful workmen. For 
forest purposes the most suitable length for this type of cross¬ 
cut saw is 4J to 5 feet, the breadth of blade being 8|- inches 
in the centre, not including the teeth, and the weight about 

lbs. Larger cross-cut saws of a similar type, from 51 to 7 
feet in length, are occasionally used. 

Figs. 3 to 7 (plate VII) give various patterns of Indian 
two-handed saws. The pit-saw (fig. 3), from 5-|- to 7 feet 
in length, is much used for conversion into planks. Two 
common types of Indian curved saws are the Delhi saw 
(fig. 4) and the Maratha saw (fig. 5); the weight of these 
is ordinarily 4 to 5 lbs., though heavier saws of similar type 
are used : they are used for cross-cutting as well as for longi¬ 
tudinal cutting. Fig. 6 shows a frame-saw used for longi¬ 
tudinal sawing; these saws, which are of various sizes, consist 
of a comparatively narrow blade kept rigid by means of a 
wooden frame. Fig. 7 shows a cross-cut frame-saw. A 
common type of Indian one-hand saw is that shown in 
fig. 8, while fig. 9 represents the European type of one-hand 
saw. 

The length of a saw varies according to the purpose for 
which it is used. With long saws there is more risk of budding, 
that is, sticking in the wood and bending, than in the case of 
short saws. If a saw is too short, however, it is very tiring 
to work with, as is a saw which is too light. The blade of 
a saw should be thickest at the cutting edge, tapering 
gradually to the back. The breadth of the blade should be 
sufficient to give it the necessary rigidity: the blades of frame¬ 
saws can be made considerably narrower than those of other 
saws. 

Requisites of a good saw .—The blade should be stiff and 
elastic, springing back to its original shape if bent; it should 
be as thin and as narrow as possible provided it is sufficiently 
stiff. The saw should bend regularly at all points, and not 
more in one place than in another. The sides of the blade 
should be smooth and perfectly even : this can be ascertained 
by examining it in various lights. The blade when struck 
should give a clear ringing sound. To test the temper of the 
steel one tooth should be sharply struck on one side with a 
hammer; if it bends too easily the metal is too soft, while if 
the tooth breaks it is too brittle. The saw should be well 
balanced, and the handle should be firmly fixed to the blade. 
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4. The Adze. 

This implement is much employed in India for trimming 
and squaring timber, hollowing out boats, and dressing the 
stools of coppice fellings. The adze in general shape some¬ 
what resembles the axe, except that the cutting edge is at 
right angles to the handle instead of in the same plane with it. 
Adzes ordinarily vary in weight from about lj to 6 lbs. or more, 
and the length of the handle is 1| to 4 feet. Types of adzes 
are shown on plate V, figs. 25 to 29. 


5. The Wedge- 

Wedges are employed for splitting logs or fuel billets, and 
for assisting in the felling of trees and the longitudinal sawing 
of timber. Wedges are made either entirely of iron or of wood, 
or partly of iron and partly of wood. Some forms of wedges 
are figured on plate V, figs. 30 to 33. Iron wedges have 
either flat sides or sides with serrate grooves to prevent the 
wedge from slipping out, which a smooth iron wedge is apt 
to do (see fig. 31). Wooden wedges are made of hard tough 
wood, and are sometimes strengthened by an iron band round 
the top (fig. 32). A serviceable form of wedge, the lower 
part of which is made of iron and the upper part of wood 
strengthened round the top by an iron ring, is shown in 
fig. 33. Iron wedges are driven in with a heavy wooden mallet, 
while wooden wedges are commonly driven in with the flat 
back of an axe. 


6. Implements for Directing the Fall of Trees and Extracting 

Stumps. 

There are various implements and devices for directing 
the fall of trees, particularly when they are felled by cutting 
through the roots, and for extracting stumps. The chief of 
these are the following :— 

The forest devil (plate VIII, fig. 1).—This is a powerful 
instrument used for extracting stumps and pulling over trees 
whose roots have been cut through. It consists of a strong 
wooden handle, to which a long chain, A, and two short chains, 

. are attached, the ends of the short chains terminating 

m hooks. A separate long chain, D, is attached to the stump to 
e extracted or the tree to be pulled over, and the end of the 
°ng chain A is attached to a fixed object such as a standing 
tree or a stump. The handle is then moved to and fro, the 
chains B and C being hooked alternately into chain D; the 
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whole system of chains thus becomes more and more tightened 
until the stump is pulled out of the ground, or the tree is 
pulled over, as the case may be. 

The thrust-pole (plate VIII, figs. 2 and 3).—This implement 
is used for pushing over trees whose roots have been partly cut 
through. It consists of a long wooden pole, the lower end of 
which rests on a serrate board fixed firmly on the ground by 
means of a peg : at the upper end of the pole is a spike which 
is pushed into the tree. The pole is pushed forward along the 
board by means of a couple of levers working on an iron cross¬ 
bar near the base of the pole, the tree being thus gradually 
pushed over in the required direction. 

The hooh-lever (plate VIII, fig. 4).—This is a strong wooden 
lever with a pronged iron end and a hook attached to a ring 
which slides along the lever : the implement is used for extract¬ 
ing stumps, the method of using it being shown on plate VIII, 
fig! 5. Portable windlasses and capstans may also be used 
for pulling down trees or extracting stumps, while for the latter 
purpose ordinary levers can be made use of. 

Section II. — Season for Felling. 

In India the season for felling is so governed by climatic 
conditions that all other factors are almost negligible ; although 
the available supply of labour to some extent affects the felling 
season, this is itself largely governed by climatic conditions. 
In the plains and lower hills of India the general rule is to 
fell as soon as the forests become dry enough to permit 
of work after the close of the monsoon, that is, usually from 
October or November onwards, the felling being completed 
as early as possible to enable the coupe to be cleared while the 
weather is dry and not too hot, for during the hottest months 
of the dry weather work must be done in moderation where 
dragging animals are employed. Felling is sometimes clone 
during the rainy season in order to devote the whole of the 
open season to extraction : this, however, is not always practica¬ 
ble owing to the unhealthiness of the forests and their flooded 
state. In the Himalayas felling at the higher altitudes is 
done in the warm season, work being suspended during the 
winter owing to the depth of snow and the severity of the 
climate: for°the winter months, therefore, the woodcutters 
descend to the lower valleys and work there. The labour 
supply affects the season of felling in that labour is often 
scarce during the seasons when important agricultural work is 
in progress. 


Apart from climate and labour supply there are other 
factors which influence the season of felling favourably or 
adversely, though as far as India is concerned these are of 
rather theoretical interest. Thus, to ensure slow seasoning 
timber should be cut in damp cool weather, while fuel should 
be cut in dry hot weather to promote rapid drying. Felling 
in winter, when snow is on the ground, prevents breakage of the 
trees in falling and also protects seedling growth from damage. 
For the protection of young growth the best season for 
felling would be the season of rest, that is, the hot season in 
most parts of India, while during the rainy season, when young 
growth is succulent and tender, most damage to it would be 
done in felling. From the point of view of durability in the 
timber the best season to fell is when there is least reserve 
material in the wood, that is, immediately after a new flush of 
leaves appears. 

Section III. — General Rules op Economic 
Felling. 

In felling trees in the forest the woodman should be guided 
by three chief considerations, (1) the production of the maximum 
amount of material with the minimum amount of waste, (2) the 
avoidance of damage to the felled tree and to the surrounding 
forest and imder-growth, (3) the nature of the locality as re¬ 
gards facility of export. On the basis of these three considera¬ 
tions certain rules .for the conduct of felling operations, which 
may be termed “ felling rules,” can be laid down : these rules 
are as follows:— 

(1) Trees should he felled in a manner and in the direc¬ 

tion in which they tv Hi do least damage to the forest 
growth .—Sometimes the crowns of large trees are 
cut off before felling, to minimize the damage to 
the forest. Where climbers bind the tree to be 
felled to a neighbouring tree they should be cut 
and cleared before the felling. 

(2) Trees should be felled in a manner and in the direc¬ 

tion in which they will do least damage to them¬ 
selves in falling .—For this reason trees should 
not be felled across a ravine, as they would 
stand a strong chanCe of breaking in pieces. 
On hilly ground felling downhill should be 
avoided, as the tree has furthest to fall in that 
direction and is most liable To become broken. 
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The best direction to fell is uphill, the damage 
to the tree being least owing to the short dis¬ 
tance through which it has to fall. In felling 
uphill the tree is apt to slide end-on down the 
slope, but it has been found by experience in 
the Punjab Himalayas, where deodar trees are 
felled uphill, being pulled over by a rope tied 
to the upper part of the tree, that if the tree 
slides down it soon stops by coming in contact 
with a rock or digging its nose into the ground: 
often, however, the base of the tree does not 
leave the stump if the felling is properly done. 

In felling uphill the tree is sometimes apt to slide off 
the stump and kick up at its base, so that care 
is necessary to keep clear while the tree is fall¬ 
ing. Where felling uphill cannot be conveni¬ 
ently carried out the next best direction is 
to fell in a horizontal direction. 

(3) Trees should he felled in such a direction that the 

logs can he extracted most easily .—For this reason 
trees should not be felled into ravines or other 
places from which it is difficult to extract the 
timber. 

(4) Trees should not he felled during a strong wind . — 

This is necessary as the direction of falling 
cannot be guided during a strong wind. 

(5) Trees should he felled as low as 'possible .— The object 

of this important rule is to prevent unneces¬ 
sary waste. 

(6) Felling should usually begin at the top of a slope 

and proceed downwards .—If felling starts from 
below and proceeds upwards the trees below 
become thinned out first, and there is after¬ 
wards more risk of trees sliding down, when 
the fellings have reached the upper slopes, 
than if the lower part of the forest were kept 
dense, as would be the case if fellings started 
from above. Another disadvantage of com¬ 
mencing felling from below, especially where 
fuel is produced or timber is converted into 
scantlings, is that the stacks of fuel or scant¬ 
lings would be apt to be knocked over by trees 
felled higher up the slope if these were to slide 
down, while at the same time the workmen 
would be exposed to danger, 
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As a general rule only as many trees should he 
felled at a time as can he converted and removed 
within the next few days. —This is particularly 
necessary where there is danger of insects 
attacking the felled timber. In the case of timber 
not liable to insect attacks this rule does not 
hold. 

Valuable trees should be felled by the saw or by the 
saw and axe combined, and not by the axe alone .— 
Felling by the axe alone causes much waste, 
as will be explained below. 


The practice of cutting-the branches or crowns off trees 
is commoner in Europe than in India, but its more extended 
use in India is much to be desired, as the amount of damage 
done to the surrounding trees and young growth is very much 
lessened. The system of cutting off the main branches before 
felling is carried out in Bashahr, Punjab Himalayas, where 
large deodar trees are treated in this way. A good climber 
ascends the tree, lops off the main branches, and fixes a rope 
to the upper portion of the tree, which is then felled uphill, 
the axe alone being employed ; the rope is steadily pulled 
by a number of men to guide the tree in falling in the proper 
direction. The average girth of the trees felled in this way 
has recently been slightly over 9 feet, and the average cost 
of felling such a tree is one rupee, that is, about 2| times the 
cost of felling without cutting off the branches and without 
the use of ropes; this extra cost, however, is far more than 
compensated by the saving of damage to the forest. As many 
of the larger deodar trees in the Himalayas are much branched, 
the felling of such trees when standing over a crop of young 
poles causes an immense amount of damage: in such cases 
every effort should be made to introduce the system of lop¬ 
ping before felling. In some parts of Europe skilled climbers 
ascend the trees by means of climbing-irons, and with an 
axe cut off the entire crown of the tree before it is felled. 


Section IV. —Methods of Felling. 

Trees may be felled either by cutting above ground or 
by cutting through the roots in such a way that the tree in 
falling drags out the thick ends of the main roots and falls 
with these attached to its base. The former is the usual method 
of felling trees: the latter method is followed where the 
extraction of the stumps is desired for the purpose of clearing 
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the ground, or where very valuable trees, such as sandalwood, 
are felled, the wood of the stump and the principal roots 
being of value. 

1. Felling above ground. 

There are three common methods of felling trees above 
ground, (1) with the axe alone, (2) with the saw alone, (3) with 
axe and saw combined. In addition to these may be added 
a fourth method, of comparatively recent introduction, where¬ 
by trees are felled by electricity. 


(1) Felling with the Axe alone. 

In felling a tree with axe alone a cut, A, (vide plate IX, 
fig. 1), is first made on the side to which the tree is intended to 
fall; this cut should be made as low down the tree as possible, 
and should extend a little beyond the centre. A second cut, 
B, is then made a few inches above the level of the first cut 
on the opposite side of the tree; this cut should be made 
to meet the first cut, so that the tree becomes cut through. 
The fall of the tree in the proper direction can be assisted 
by driving billets of wood or wedges into the cut B, but if the 
tree naturally leans in the wrong direction or has its heaviest 
branches on the side opposite that to which it is required 
to fall, its fall should be assisted by pulling on a rope previ¬ 
ously fixed to the upper part of the tree. A symmetrical 
tree requires no assistance in falling if the cutting has been 
properly done. 

The bases of both cuts may be either horizontal or slightly 
sloping, but it is essential that they should be made in 
such a manner that when the cutting is complete the line 
of contact between the bole and the stump should be per¬ 
fectly horizontal and at right angles to the direction in which 
the tree is to fall. The two cuts can be made simultaneously 
by two men working on opposite sides of the tree. 

Felling by the axe alone has the great disadvantage of 
being a most wasteful method, for not only is the wood from 
the cuts wasted in the form of chips, but the wood comprising 
the wedge-shaped end of the log has usually to be trimmed off 
when the timber is converted. On the other hand the 
advantages of ' felling with the axe are, first, that labour 
for felling with the axe is easier to obtain than sawyers’ 
labour, second, that the fall of the tree can be easily guided, 
and, third, that the axe is more suitable for work on 
rocky or difficult ground. 
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In felling trees for coppice the axe alone should be used, 
or the billhook for small-sized trees, as the stump produced 
in sawing has a rough surface unsuitable for stools intended 
for coppice. Skilful workmen can carry out ■ the trimming 
of the stumps and the felling of the trees in one operation, 
by giving an upward stroke in making the lower surface 
of the axe-cut, the cut being made as near the ground level 
as possible. 


(2) Felling with the Saw alone. 

The saw-cut begins on the side opposite to that to which 
the tree is intended to fall, and is continued right through 
the tree. Wedges are driven in behind the saw as the cut¬ 
ting proceeds, to prevent the saw from sticking and to guide 
the fall of the tree (vide plate IX, fig. 2). By this method 
there is less waste than by any other method, but the dis¬ 
advantage of working with the saw alone is that the fall 
of the tree is difficult to guide, as the tree in falling rests on 
the rounded edge of the stump, and is apt to roll to one side. 
The fall can to some extent be guided by the use of a rope 
or the thrust-pole. 

(3) Felling with Axe and Saw combined. 

A cut, A, (vide plate IX, fig. 3), is first made with the 
axe on the side to which the tree is intended to fall; this cut 
extends to about } or £ of the diameter of the stem. A 
saw-cut, B, is then made on the opposite side, and is con- 
mued to meet the first cut, wedges being driven in behind 
the saw as it advances. The base of the first cut, A, is sometimes 
made with the saw, the upper surface of the cut then being 
completed with the axe. This method is the most satisfactory 
of the three: the fall of the tree is easy to guide by reason 
of the axe-cut, while the waste is little more than where the 
saw alone is employed, owing to the small size of the axe-cut. 
In the Kheri forests this method is employed, but the saw-cut 
commences some distance above the axe-cut and slopes down 
to meet it; this would seem more wasteful than where a 
horizontal saw-cut is made, but the advantage claimed for it 
is that no wedges are required, the weight of the tree aided 
by the axe-cut keeping the saw-cut open. 

(4) Felling by Electbicity. 

A thin metallic wire stretched in a frame with insulating 
handles is brought to a white heat by an electric current 
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and used like a saw for felling trees. Another method is 
to fell trees by means of a rapidly revolving drill, worked 
by electric power: this drill is moved backwards and forwards 
in a horizontal line, cutting its way into the tree. These 
methods are at present out of the range of practical forestry 
in India, though they are interesting as showing the advance 
of labour-saving appliances in the art of felling trees. 

2. Felling by the Roots. 

In felling by the roots the earth is first dug away so as 
to lay bare the principal roots, which are then cut through 
with an axe or small hand-saw in two places, the section 
between the cuts being taken out, by levers if necessary, 
to give access to the main roots beneath. If there is no 
taproot, the roots on the side away from that to which the 
tree is to fall are cut last, the tree being pulled over with 
ropes or pushed over with the thrust-pole while the last roots 
are being cut. Where there is a taproot it is cut last, the 
first cut being made on the side to which the tree is to fall, 
and the last cut, which should be the largest, on the opposite 
side; during the final cutting of the taproot the tree should 
be caused to sway backwards and forwards by a number 
of men pulling at a rope attached to the upper part of the 
tree, poles being pushed further and further under the roots of 
the tree as it bends downwards, in such a way as to prevent 
it regaining its upright position. 


Section V.— Extraction of Stumps. 

The extraction of stumps may have to be carried out, 
not only for the purpose of clearing land for cultivation, 
building sites, roads, etc., but also for purposes of utilization; 
thus the stumps of sandalwood trees are extracted for the 
sake of the large amount of oil contained in them, while those 
of Acacia Catechu are rich in cutch, and are grubbed up for 
cutch manufacture. 

Stumps may be cut up in situ with axes, but this procedure 
is usually very slow. The chief methods of extracting stumps 
are (1) by the use of mechanical appliances, (2) by dragging 
with the aid of draught animals, (3) by blasting with powder 
or dynamite. Where either of the first two methods is em¬ 
ployed the earth should first be cleared from round the base 
of the stump and all the principal roots cut through. 
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1. Extraction by Mechanical Appliances. 

A rope or chain is attached to the stump in the manner 
shown in plate IX, fig. 4. The stump can then he pulled 
out of the ground by means of the forest devil or by a windlass 
or capstan. The use of the hook-lever has already oeen 
explained. Ordinary levers may also be employed; these 
are poles of strong tough wood with bevelled ends. 

2. Extraction by Dragging with Draught Animals. 

A rope or chain is attached to the stump as in the previous 
case, its other end being harnessed to a pair of oxen or an 
elephant; the stump is then dragged out of the ground. The 
dragging power can be increased by employing a system of 
pulleys as shown in plate IX, fig. 5, one rope being attached 
to the stump, another to a tree or other fixed object, and the 
third, or dragging rope, being harnessed to the dragging 
animal. 

3. Blasting with Gunpowder or Dynamite. 

To blast stumps with gunpowder a hole is bored verti¬ 
cally down through the stump at or near its centre with a 
large auger; if the centre is rotten the hole should be bored 
from one side, and should penetrate to the centre of the stump 
at its base. A charge of 1| to 5 oz. of blasting ponder, 
the amount varying with the nature and size of the stump, 
is usually sufficient. The fuse is introduced and the hole 
tamped with clay as in rock-blasting, the fuse being then 
ignited. 

In blasting stumps with dynamite the hole may be bored 
through the stump as already described, or it may be bored 
through the ground in a slanting direction immediately below 
the stump, with as little disturbance of the soil as possible, 
by means of a crowbar or a 3" earth auger. The charge 
of dynamite varies ordinarily from 2 to 3 oz., but a charge 
up to 5 oz. may be used for large firm stumps. The dynamite 
cartridges are introduced one at a time and firmly pressed 
down with a wooder tamping-rod till they fill the hole. 

The detonator, attached to the fuse, is introduced into 
the last or primer cartridge before it is placed in the blasting- 
hole, a hole being made in the dynamite cartridge with a 
small stick in order to admit the detonator. The hole should 
be tamped with wet earth, mud, or damp clay, the tamp 
being as ompact as possible: the entire hole should be filled 
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up to the top. Loose sand or gravel is of f little use, as it 
gets blown out of the hole, and much of the force of the ex¬ 
plosion is wasted. 

Several stumps may be exploded together by electricity. 
The stumps are first charged with dynamite and the holes 
are tamped: the fuse in each stump is connected by a wire 
to that of the next stump until a complete circuit is obtained, 
when the whole group of stumps is exploded simultaneously 
by an electric battery situated at a safe distance from the 
stumps. 


Section VI. — Rough Conversion of Wood. 

By rough conversion of wood is understood the conversion 
of felled trees into logs and other material of smaller size, 
as well as the further conversion of the wood into squares 
and other rough assortments. 

Logging is always carried out at the felling site, while 
further rough conversion is often carried out in the forest 
to facilitate transport. Rough conversion is of great import¬ 
ance, and requires careful supervision, as the profits derived 
from the forest depend directly on the most profitable form 
of conversion. 

When a tree is felled its branches and excrescences are 
trimmed off and the bole is sawn into logs, the size of which 
depends on the demands of the market and the purpose for 
which the timber is required. Where only fuel is saleable 
the bole is cut and split up for fuel. Where fuel is not 
saleable the branch-wood is usually left lying as waste in the 
forest, except such as can be employed for poles, posts, or other 
marketable material. Where, however, timber and fuel are 
both saleable all material not required for timber is cut up 
into suitable lengths, sorted into different classes, and either 
temporarily stacked in the forest or at once removed. If 
insect attacks are feared the timber should either be barked 
at once or immediately removed. The different classes of 
timber in the rough have already been given on page 54; the 
demand for each of these classes should be taken into account 
during the rough conversion and sorting cf the timber. 

The rough squaring of timber facilitates extraction where 
this is done by carting or carrying. The corners of the square 
should first be marked with a string blackened with powdered 
charcoal and water or oil; the string is stretched tight along 
the log by two men, one at each end of the log, while another 
man pulls it away from the log in the centre and then releases 
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it so that it strikes the log and leaves a black line. The squares 
are also marked off on the ends of the log. Rough squaring 
is usually done with a trimming-axe or adze. If the log is a 
long one the squaring should be done in sections, a niimber 
of cross-cuts being made at convenient intervals to guide in the 

squaring (vide plate IX, fig. 6). 

Fuel may be converted and classified into four main classes, 
(1) split billets, that is, the larger pieces which have to be split 
to convenient size, (2) round billets, that is, pieces which are 
not too large to use in the round, (3) root-wood and stump-wood; 
that is, pieces cut to convenient size from roots and stumps, 
and (4) faggot-wood, which includes small-sized branch-wood 
and other small material, which is tied up into bundles and 
is sold chiefly for domestic use. 

An elaborate system of rough conversion is applied in the 
case of sandalwood in Madras. The trees are felled either 
by the roots or at the ground level, the roots and stump in the 
latter case being afterwards grubbed up. The stem and roots 
arc cut into billets of convenient size for transport, great 
care being taken in this, as the value of the billets is much 
enhanced by freedom from bends or knots. I he sapwood 
is trimmed off with an axe or adze, all except a thickness 
of about jj of an inch, wlucli is left on to protect the heartwood. 
All pieces are so treated, whether stem, branches, or roots, 
except branches with a section of heartwood less than the 
size of a rupee, and small roots. Felling and billeting is done 
entirely by the saw, the use of the axe being rightly forbidden. 
To prevent theft the sawn sections of each piece are numbered 
and the grain of the wood on all corresponding sections is 
compared on arrival at the depot. 

Section VII.— Clearing the Coupe. 

By clearing the coupe is understood the removal of timber 
and other material from the felling area, whether in the round 
or after rough conversion. The distinction between clearing 
the coupe and transport is not always clear, because the two 
operations are often identical. For example, in the Himalayas 
sleepers are carried off the felling area on the backs of men, 
and are removed by the same means often to considerable 
distances before they are placed in wet slides: similarly where 
logs are dragged from felling areas by elephants the dragging 
may have to continue for a mile or more until a suitable floating- 
stream is reached for the extraction of the timber by floating. 
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There are various methods of clearing a coupe, the chief of 
which are carrying, removing on wheels, dragging, sliding, 
sledging, and rolling. t 

Carrying in order to clear the coupe is done chiefly by men. 
Where animals are employed they are intended rather for 
transporting material to a distance than for actually clearing 
the coupe. Carrying by men is expensive, and should be 
employed only for short distances, or where no other method 
is feasible. On the other hand carrying does less damage 
to the forest than other methods. The principal animals 
employed in India for carrying are mules, bullocks, and camels. 
In parts of the United Provinces poles and similar material 
are suspended on either side of a saddle and half dragged, 
half carried, by means of bullocks or buffaloes. 

The employment of wheeled conveyances is a less destructive 
form of clearing the coupe than dragging, as the young 
growth is not crushed down to the same extent. Large logs may 
be moved by suspending them from the axle of a pair of large 
wheels; in tills method of loading, however, the log is apt to 
swing from side to side, and the chains are liable to break. 
WTieels cannot be employed on very rough broken ground 
or hilly country, so that their use is somewhat restricted ; 
they are also less suitable for transporting logs or other material 
over short distances than dragging, because of the time taken 
in loading and unloading. 

Dragging is done by men or by draught animals. It may 
be facilitated in either case by placing round billets under 
the logs to act as rollers, these being taken up from behind 
and placed in front of the log as it proceeds. Dragging can be 
employed in more hilly and broken country than carting, 
but is not so suitable for transporting timber over long dis¬ 
tances because of the strain on the dragging animals. Dragging 
should not be allowed on permanent roads, as it cuts up the 
road-surface; in the forest it is advisable to have temporary 
dragging-paths over which many logs are dragged, so that 
unnecessary damage to the forest may be avoided. There are 
various methods of attaching the dragging-chain to the log. 
A good method is to employ a pair of grappling hooks (plate 
IX, fig. 7), which are hooked into two small niches cut one on 
either side of the log a few inches from one end of it; when 
the pull is exerted the chain tightens, keeping the hooks firmly 
embedded in the niches. Another method is to drive an iron 
spike, to which a ring is attached, firmly into the end of the 
log, the dragging rope or chain being fastened to the rope (vide 
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plate IX, fig. 8). A common method of fixing the dragging 
chain is to cut a hole through the corner of the log a few 
inches from its thick end. The end of the log is apt to dig 
itself into the ground during dragging, and for this reason it is 
necessary to adopt some device for preventing this. A 
common, though somewhat wasteful, method is to “ snout ’ 
the thick end of the log, that is, to trim it into a rounded 
form to prevent it from catching in the ground (vide plate IX, 
fig. 9). Various forms of short sledges or boards placed under 
the front end of the log during dragging are also employed for 
the same purpose. 

Dragging holes may be dispensed with, especially for small 
logs, the dragging-chain being merely passed round the log 
near the thick end and tightened; two or three small logs 
may be fastened and dragged together in this way. If logs are 
rough-squared on the felling site an unsquared piece should 
be left at one end, so that the dragging-chain may be passed 
round the rough end, which keeps the chain from slipping 
off. 

The most powerful timber-dragging animal is the elephant. 
In some parts of the country, particularly in Burma and the 
Andamans, the bulk of the timber supply, as far as the more 
valuable classes of timber are concerned, depends on the 
available supply of elephants for dragging purposes. Practic¬ 
ally all the large-sized teak timber of Burma is dragged 
from the coupe to the floating-streams by elephants, two, 
three, or more animals being harnessed to a single log where 
its weight is too much for one animal. The best dragging 
gear consists of a breast-band, to which the dragging chains 
are attached, and a small wooden saddle, padded underneath, 
over which passes the rope which keeps the breast-band and 
dragging-chains in position. The average life of an elephant 
at timber work is 15 years, allowing for ordinary casualties. 
The amount of work an elephant can do per diem varies 
greatly according to circumstances : a good average day’s 
work for one elephant is to drag a ton of timber 1 to 1 b 
miles in a day where the country is not too difficult. 

After elephants, the animals pext in importance for 
dragging purposes are buffaloes, while oxen are employed 
for medium or smaller-sized logs. The animals are usually 
yoked together, the dragging-chain being attached to the yoke. 

Sliding is employed on hilly ground where the gradient 
is too steep for dragging, the logs being allowed to slide end- 
on down the hill-sides by their own weight; The speed of a 
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log can if necessary be controlled by attaching to one end of 
it a long rope which is passed once or twice round the trunk 
of a tree and held by a workman, who can regulate the speed 
of the log by tightening or slackening the rope. The tree 
round which the rope is passed should either be one about 
to be felled or one of little or no value, as the bark is almost 
certain to be torn off by the friction of the rope. Logs should, 
be slid as much as possible down the same track, to avoid 
unnecessary damage to the young growth on the ground : 
care should be taken, however, to remove the logs when they 
reach the termination of the slide, so that logs coming down 
later will not get broken or split by collision with timber 
lying on the ground. 

Sledging is a useful method of clearing the coupe, as 
sledges can be employed both for timber and for fuel. There 
are many forms of sledge, the essential feature of all being 
a pair of parallel runners made of hard wood; these take the 
place of the wheels of a cart. Sledging is most suitable for 
winter when there is snow on the ground: Bullock-sledges 
are sometimes used in Saugor, Central Provinces, chiefly for 
the export of small material such as firewood. 

Rolling can be carried out only on groimd fairly free from 
trees, rocks, and other serious obstructions. It can be done 
by men with the aid of ordinary levers, the hook-lever, or a 
useful German form of lever known as the kremve (plate IX, 
fig. 10 ). 

Elephants can be employed for rolling timber ; this they 
do by pushing the logs with the base of the trunk. In some 
of the Himalayan forests special rolling roads are constructed 
for the extraction of deodar logs. Rolling should never be 
employed on ground covered with reproduction, or on steep 
slopes in places where there are many people about, as the 
rolling of logs down steep hill-sides uncontrolled is highly 
dangerous. 

Further details regarding means of transporting timber 
will be found in Chapter IV. 

Section VIII.— Conversion op Timber. 

1. General. 

Timber may be converted either in the forest or after 
extraction, while the conversion may be carried out either 
by hand or in sawmills. 

The actual classes of converted material to be produced 
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must depend on the demands of the market, but one general 
maxim should always be followed, namely, that the method 
of conversion should involve as little waste as possible. One 
of the most fundamental rules of economic conversion, accord¬ 
ingly, is that the axe should not be employed where the 
cutting can be done by means of the saw, because the waste 
produced in sawing is much less than that produced in cutting 
with the axe. This rule is, unfortunately, often disregarded 
in India, but every endeavour should be made to promote 
the use of the saw in preference to that of the axe. 

When it is intended to saw a log up into planks or scant¬ 
lings the usual method is to mark out the sections of the con¬ 
verted material on the ends of the log, and to mark longi¬ 
tudinal guiding lines along its surface, after which the sawing 
proceeds. The heart of the log is often slightly unsound, so 
that it may have to be avoided for sawn material. For or¬ 
dinary purposes boards are sawn in the manner shown in 
plateX, figs. 1 and 2 ; it will be seen from the diagrams that 
the boards so produced are cut largely on a tangential section. 
Now gs radially-sawn boards are not only stronger and less 
liable to warp, but are in many cases also handsomer in grain 
than tangentially-sawn boards, it is preferable, except for 
ordinary rough use, to obtain as many radial boards as possi¬ 
ble. There are various ways of sawing up logs to effect this 
object, the chief of which are shown in plate X, figs. .3 to 8. 
There is one disadvantage, however, in sawing according to 
intricate patterns, and that is, that such patterns are more 
difficult and tedious to mark out than the simple patterns 
shown in figs. 1 and 2, which for mill sawing need not even be 
marked out at all: hence except for the better class of boards 
the simpler patterns are sufficient. 

When scantlings of different sizes are in demand the classes 
which fetch the highest price per cubic foot should be marked 
out first, the remainder of the space being marked out with 
less valuable sizes of scantlings. Conversion into railway 
sleepers is one of the most wasteful forms of conversion, so 
that if there is much demand for miscellaneous scantlings 
it usually pays better not to convert into sleepers: this is 
particularly the case with broad-gauge sleepers, where the 
wastage, even in sound logs, may amount to half the volume 
of the log. 

2. Conversion by Hand. 

Conversion by hand may be carried' out either in the forest 
or after the removal of the timber to a more central place. 
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The method of rough-squaring with the axe has already been 
described; the subsequent conversion into scantlings and 
other ordinary classes of materials should be done with the 
saw. There are various methods of placing the logs in posi¬ 
tion for sawing, these varying according to the type of saw 
used and to local custom. 

Where long pit-saws are employed for ripping, the logs 
are either placed on the ground level over a pit dug in the 
ground, or raised on a skeleton platform of poles at a height 
of 6 to 8 feet from the ground : in either case one sawyer stands 
on the log and the other stands below it. Where a raised 
platform is employed the log is pulled by ropes, or pushed 
by levers up an incline formed by two or three poles placed 
at a gentle slope against the side of the platform. Where a 
pit is employed the log is merely rolled over the hole so as to 
rest on poles placed over the pit to receive it. With short saws 
it is sufficient to raise one end of the log off the ground, by 
resting it on another log, or on a trestle. Where the log or 
square to be sawn is in such an inclined position as to render 
a firm foothold for the upper sawyer impossible, a rough form 
of ladder, consisting of saw-like steps cut out of a single piece 
of wood, is placed against the inclined surface of the log to 
be sawn. Plate XI, fig. 1, shows the method of sawing sleepers 
by this means in the North-West Himalayas, a frame-saw 
being used. Plate XI, fig. 2, represents a Delhi sawyer’s trestle, 
for sawing short logs. 

3. Conversion in Sawmills. 

(1) General. 

So far as the Indian Empire is concerned, sawmills are 
not extensively used outside Burma, which contains a far 
greater number than all the other provinces combined. 

As the establishment of a sawmill means the sinking of 
much capital, it should never be undertaken until the local 
conditions have been thoroughly studied. It may be said 
in general that the establishment of a sawmill is advisable 
under the following conditions:— 

(1) That there is a plentiful and regular supply of timber 
in the round, in order to keep the mill regularly 
at work, (2) that the timber can be brought to 
the mill in the round at a reasonable cost, 

(3) that there exists at least one good line of 
export for the converted material from the mill, 

(4) that there is a sufficient demand for all the 
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material tliat can be converted at tbe mill, 
(5) that the working of the mill is likely to 
realize a reasonable profit: this will depend a good 
deal on the state of the timber market and the 
cost of labour. 

On the other hand a sawmill should not be established 
(1) where the timber is not available in sufficient quantity 
to keep the mill regularly employed, (2) where the timber 
available is largely hollow or unsound, so that the proportion 
of waste is very large, (3) where the timber cannot be extracted 
in the round except at a very high cost; in such a case con¬ 
version in the forest would usually be more profitable, (4) 

> where there are no good fines of export from which converted 
material can be exported from the mill, (5) where there is no 
steady demand for converted material, (6) where there is a 
plentiful supply of cheap labour for hand conversion in the 
forest; in this case it is usually more profitable to convert it in 
the forest by hand-sawing. 

Sawmills in India are worked by steam-power. In Europe 
water-power is sometimes employed, but it is not usually 
adaptable in India owing to the fact that the perennial supply 
of water is not sufficiently large or steady in those parts of the 
country where sawmills are chiefly in operation; besides this 
the abundance of wood fuel from waste pieces obtained 
during the conversion of timber renders steam-power com¬ 
paratively cheap. 

According to their situation, sawmills may be classed 
into forest sawmills and sawmills situated at some central 
place away from the forest. The latter are permanent and 
are usually larger and more completely equipped than the 
former, h orest sawmills are commonly of a smaller and 
more primitive type ; they are situated within or in close 
proximity to the forest, and may be either permanent or 
temporary, the latter being portable, and usually on wheels, 
so that they may be shifted from place to place. Where 
conversion has to be carried out in the forest and labour for 
hand-sawing is expensive, portable forest sawmills are spec¬ 
ially suitable. They have recently been introduced into 
Burma, but there they are as yet in an experimental stage. 

(2) Kinds op Sawmills. 

Every sawmill consists of three essential parts, (1) the 
saw itself, (2) the mechanism which feeds the logs into the 
saw, and (3) the machinery which drives the mill. As 
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regards (2), the mechanism consists either of a movable car¬ 
riage or bench on which the log is placed and moved towards 
the saw, or a “ roller-feed ” consisting of a series of revolv¬ 
ing rollers which move the log along towards the saw: 
the latter is suitable for even-grained soft woods, such as conifers, 
which are easily sawn, and not for hard or uneven-grained 
woods. The saw itself may be one of three principal types, 
(a) the reciprocating frame-saw, ( b ) the circular saw, and 
(c) the band-saw. 

The reciprocating frame-saw is nothing more or less than 
a mechanical adaptation of the hand frame-saw. It consists 
of a frame, containing one or more saw-blades; the frame 
moves vertically up and down, sawing with the reciprocating 
motion employed in all hand-sawing. This form of saw is the 
most primitive of the three forms of machine-saws, but is still 
largely employed in Europe. The number of blades • which can 
be fixed in the frame at one time depends on the horse-power 
of the mill ; where the power is sufficient, as many as 20 parallel 
blades may be fixed at a time, their distance apart being 
adjustable at will, so that the thickness of the boards sawn may 
be regulated. These machine frame-saws containing a number 
of blades are termed multiple saws. The advantage of the 
frame-saw as compared with the circular-saw is that it requires 
less power to drive and is less wasteful ; but on the other hand 
it turns out its work much more slowly. 

The circular-saw consists of a flat circular steel blade with a 
continuous row of teeth round the margin ; it works by revolv¬ 
ing rapidly in one direction, like a wheel, round a horizontal 
axis. Where waste of wood is not of vital importance, and 
motive-power is cheap, the circular-saw is the best machine- 
saw for general purposes, as it turns out its work with great 
rapidity. One of the chief disadvantages of circular-saws is 
that they cannot saw timber of very large girth. Although 
circular-saws are sometimes made up to 7 or 8 feet in dia¬ 
meter, they are not to be recommended for general use above 
6 feet: this would make the maximum diameter of log which 
could be sawn through the widest part by a single circular- 
saw less than 3 feet, allowing for the axle of. the saw-blade. 

By having two saws working, one immediately above 
the other, a cut of 4 feet to 4 feet 6 inches can be obtained. 
For squaring logs, or converting into planks, thick scant¬ 
lings, or sleepers, two circular saws may be placed parallel 
to each other, the timber passing between the blades and 
becoming trimmed to the required dimensions at once. 
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The band-saw is a long continuous flexible steel ribbno 
with teeth on one edge; it passes round two large revolving 
wheels, thus presenting a continuous cutting edge. Band¬ 
saws may work either vertically or horizontally. The band¬ 
saw has several advantages; it can saw timber of large dia¬ 
meter, causes little waste, requires less motive power than 
the circular saw, and turns out as much work as a circular 
saw and more work than a frame-saw. On the other hand 
the band-saw requires much care and skill in sharpening 
and adjusting, so that its use is not recommended where a skilled 
and experienced mechanic is not available: the breakage of the 
saws when entrusted to any but a skilled man forms an 
expensive item in the worldng of a band-saw. 

Among minor types of machine-saws may be mentioned 
a saw shaped somewhat like a pit-saw and used for cross¬ 
cutting logs; this saw may be made of a portable nature for 
work in the forest. A portable machine-saw of similar type 
has been invented for felling trees, but so far has not been 
extensively used. 
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r.,. Section IX.—The Stacking of Timber and 

Firewood. , 

Until the produce of a felling area is disposed of it should 
be stacked so that it may season without being exposed to 
the attacks of insects or fungi, and, in the case of timber, 
without becoming warped or cracked. This stacking may 
ave to be done either in the forest or in some central depot: 
w erever the stacking is done it should be done in such a way 
as o occupy as little space as possible, while each class of 
material should be stacked separately in order to keep a 
correct account of the produce and to facilitate inspection. 


1. Stacking Timber in the Round. 

Timber in the round should be allowed to season slowly 
and regularly; hence it should be kept out of the sun if 
possible and placed in such a position that it will be freely 
exposed to the circulation of air on all sides. Timber should 
not be kept lying on the ground for any length of time, 
particularly if the ground is damp: it should be raised on 
billets of wood or kept off the ground by skidding (that 
is, blocks and other waste pieces of wood). 

For more permanent stacking a' convenient method is 
shown in plate XI, fig. 3. The stacks formed in this way 
take up comparatively little room, while the logs can be with- 
17711. G. F. I 
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drawn singly without breaking up the stack; there is also a 
free circulation of air round the timber. This method of stack¬ 
ing is as follows:—The lowest tier consists of the largest and 
heaviest logs, placed parallel to each other with the thick 
ends all pointing one way; the logs should be raised at least 
a foot ofi the ground by skidding or billets of wood. The 
next tier is laid over these, the logs lymg at right angles to 
those of the lowest tier; the third tier is placed similarly over 
the second, the logs lying in the same direction as those oi 
the lowest tier, but with their thick ends pointing m the opposite 
direction, and so on for all the tiers m turn. The logs of each 
tier should be separated from those of the tier below and 
above them by a few inches of skidding. To remove any 
single log from the stack the skidding is removed and the 

log is pulled out. 

2. Stacking Sawn Material. 

In the case of thick scantlings the stacking may be done 
in the manner just described for round timber, except that 
skidding between the various tiers is not necessary unless 
individual pieces are required from inside the stack; the lowest 
tier: however, should be well raised ofi the ground placed 
on a perfectly level site, otherwise the scantlings w 11 
become crooked in seasoning. An inch or two of space should 
be left between the scantlings in each tier. 

Thin boards should, as soon as they are sawn, be la 
flat one upon the other, in the form of a solid stack, on a 
perfectly level site; stones or other weights shoddbepl 
on the ‘top of the stack to prevent warping. When they 
have become partly seasoned they should be stacked 1 
other scantlings with a small space between each boaul m 

3 IjiTSjSf FM in stacking sawn material 

its conversion, as it is very liable to warp and split if left un 

stacked. 
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3. Stacking Poles and Posts. 

Poles should be stacked horizontally, while still pen, 
between two pairs of upright stakes the ttakmto «* 
noles nointing towards the road or side from which t > 
to be removed afterwards; they may be —cutty avenged 
in rows of ten each, by placing a thin straight stick betwe 
each row of ten poles near the thick ends (*de plate XI, 
fig. 5 ). If necessary, heavy weights may be placed o 
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top of tlie stack to straighten the poles. If the stacks are to be 
left for some time a layer of skidding or a number of cross¬ 
pieces should be placed underneath them. 

In India poles dre often stacked vertically by leaning them 
against a tree, with their thick ends on the ground: they are 
thus sheltered from sun and rain. Bamboos may also be 
stacked in the same way as poles. Short posts may be stacked 
like poles or like fuel billets, the stacking of which will be 
described next. 

4. Stacking of Fuel. 

In stacking fuel the chief points to be kept in mind are 
correct dimensions of stacks, close stacking, sufficiency ' of 
air-space between the stacks, and stability of the stacks. 
Damp places should be avoided, but if they are unavoidable 
the stack should be raised off the ground, as shown in plate 

XI, %. 6. 

To ensure stability to the stack two pairs of upright 
stakes are driven into the ground at the same distance 
apart as the length of the stack; these may be further 
supported by struts or by withes passed round the stakes 
and between the billets during stacking, as shown in plate 
XI, fig. 6. Stability may also be attained by placing a certain 
number of the billets at the end of the stack longitudinally, 
a f P^te XI, fig. 7. The stacking should be done as 
c osely as possible, all gaps being carefully filled up. 

■ 10 dimensions of a stack should be such that its contents 
can >e quickly estimated. Thus if the billets are 2 feet in 
eng i a convenient height would be 5 feet, this giving an 
area of 10 square feet for the end of the stack, so that if a 
aige number of stacks of different lengths have to be measured 
he total length multiplied by 10 gives at once the total volume 
ox the stacks. The height and breadth of the stack should 
a ways be kept constant. In stacking, allowance is sometimes 
made for shrinkage during drying by making the stack slightly 
igher than necessary at the time of stacking. Where large 
quantities of fuel are to be stacked in a limited space, the 
acts should form long continuous lines, the lines being 
separated from each other by a space wide enough to enable 
a man to walk between the stacks. 
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CHAPTER IV. 
TRANSPORT OF WOOD. 
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The larger forest areas are as a rule situated in remote 
localities at some distance from the centres of population, 
and hence it is of great importance to find some suitable 
means of transporting produce from the forest to the market. 
The details of construction of roads, tramways, and other 
means of transport, are treated of under Forest Engineering, 
and cannot be dealt with here: a Manual of Forest Utilization, 
however, could hardly be considered complete without a 
brief consideration of the various means of transport, parti¬ 
cularly as regards their merits and suitability. The trans¬ 
port of wood naturally divides itself into (1) transport by 
land, and (2) transport by water. 

Section I.— Transport by Land. 


Transport by land may be by means of (1) ordinary 
roads and paths, (2) sledge-roads, (3) rolling roads, (4) 
dragging-paths, (5) slides, (6) forest tramways, and (7) wire 
rope-ways. 

In deciding on the adoption of any particular means of 
transport, it should first be clearly ascertained which is most 
suitable for the locality in question, and which will be most 
successful financially. For the latter purpose it is necessary 
to estimate the capital cost of repairs, the cost of transport, 
the quantity of material to be transported, and the time for 
which the work will be required to last'; in addition its suit¬ 
ability for the class of produce to be transported should be 
taken into consideration. Compound interest on the capital 
cost for a definite period of time, as well as depreciation through 
wear and tear, should be taken into account where any 
special work is undertaken. In the case of special works, 
such as tramways, slides, etc., it should be remembered that 
the greatest profit is obtained if the maximum amount of use 
is made of the work in question, that is, it should be used 
continuously and not intermittently. For this reason, to 
take a single instance, it is not advisable to spend money on 
the construction of a tramway unless produce is to be ex¬ 
ported in sufficient quantity to keep the tramway fairly regu¬ 
larly in work; the same will apply to other special export works. 

With these preliminary remarks we may proceed to con¬ 
sider the various means of transport enumerated at the begin¬ 
ning of this section. 
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1. Ordinary Roads and Paths. 

Of all means of land transport in India, transport over 
ordinary roads and paths is by far the commonest, being 
effected either by carts or by carrying on the backs of men 
or beasts. 

(1) Carting is done where the country is not too hilly. 
There are many good cart-roads leading into the hills, but for 
ordinary forest work in India it would not pay to make cart- 
roads over difficult hilly country if the produce could be 
brought out at a reasonable cost by carrying or other methods. 
In the plains, however, cart-roads are nearly always profitable, 
though the degree of permanency of the road and the amount 
spent on it should vary according to the purpose for which it 
is required: thus it would be a mistake to construct a per¬ 
manent metalled road to extract produce from one or two 
coupes which would be opened only for a year or two, if a 
temporary road or cleared cart-track would be sufficient. 
Where cart-roads exist and fodder is obtainable, carting is 
always cheaper than carriage by men or pack animals, owing 
to the much larger loads which can be taken by carts. 

The chief carting animals in India are oxen and buffaloes. 
The latter have greater pulling strength, and are suitable for 
dragging heavy timber carts; they have, however, an objection¬ 
able tendency to rush down steep inclines, causing the 
breakage of carts if loaded with heavy timber. Elephants 
are occasionally used in Burma for carting logs, the log being 
either placed over or suspended under the axle. 

The carts used in different parts of India vary much in 
type and in the size of loads which they are capable of carry¬ 
ing. On carts which carry the logs slung under the axle 
larger and heavier logs can be loaded than if the logs have to 
be placed above the axle, but very strong suspending chains 
are required. Carts of the former type, used in Burma and 
the Andamans, carry logs up to 3 tons in weight; these carts 
are drawn by buffaloes. Among carts of the other type, that 
is, where the load is carried above the axle, may be men¬ 
tioned a cart used in Bombay and pulled by 4 bullocks, which 
carries a load up to about If tons. In Madras the official 
2-bullock cart-load is I ton, but the carts are capable of 
ordinarily carrying nearly 1 ton and sometimes actually carry 
1| tons. The small hill-carts of the outer Himalayas carry 
up to about £ ton. 

Where the log is loaded below the axle it is merely 
hoisted up and fixed by chains. Where the log is placed over 
the axle various devices are employed for loading. One 
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plan is to hoist the log several feet off the ground by a 
chain slung over a horizontal cross-piece resting on two 
stout forked upright posts; the cross-piece is rotated by means 
of levers somewhat after the manner of a windlass. The cart 
is then pushed under the log, which is lowered into position. 
Another plan is to hoist the end of the log on to the edge of the 
cart from behind, after tilting the cart back as far as it will go ; 
buffaloes are then harnessed to the log and pull it on to the 
cart, the latter being raised in the meantime to its horizontal 
position. The same procedure is sometimes followed from 
the front, the log being pulled up along the shafts, the front 
ends of which are allowed to rest on the ground. A plan some¬ 
times followed is to turn the cart on its side, roll the log in and 
fix it in position, the cart then being turned right side up again* 
A common method of loading is to take one wheel off and 
allow the axle to rest either on the ground or on the nave of 
the detached wheel, which is laid flat on the ground; two long 
poles are then placed in an inclined position, resting against 
the body of the cart, the log being pulled up the poles by ropes 
or pushed up by levers and tied in position, after which the 
cart is raised by levers and the wheel is replaced. 

(2) Carrying may be done by men or by pack animals. 
Carrying by men is expensive, and is therefore not suitable 
for long distances, or where a cheaper form of transport can be 
suitably employed. The load which a man can carry varies 
considerably in Madras; the official head-load of fuel weighs 56 
lbs., but actually loads up to 100 lbs. are carried. An aver¬ 
age of 60 lbs. is a good cooly-load. Logs can be carried by four 
or more men, by suspending them at each end with chains 
slung over shoulder-poles supported on men’s shoulders. 

The chief pack animals used for carrying wood in India are 
camels, bullocks, mules, and ponies. Special care is neces¬ 
sary to prevent sore backs by the employment of suitable 
saddlery. A properly-fitting pack saddle should not rest on 
the spine but on the upper parts of the flanks of the animal, 
the saddle being well padded at the points of contact. Where 
pack animals are extensively employed it is essential that 
there should be an abundance of fodder, without which animals 
are incapable of prolonged hard work. As already men¬ 
tioned, carting, where possible, is cheaper than carrying by 
animals, but the latter form of transport is suitable for rough 
country where carts cannot be employed. Animals should 
not be worked every day, but should be given a rest every 
few days. A fair average load for a pony in regular work is 
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160 to 200 lbs., for a mule or bullock 200 to 240 lbs., and for 
a camel 300 to 400 lbs., though the actual load will depend 
largely on the nature of the country, the strength of the animal, 
the distance to be gone, and the season of the year. Ele¬ 
phants are sometimes employed to carry fuel, an average load 
being 500 to 700 lbs. in hilly country and 650 to 850 lbs. on 
level ground. 

2. Sledge-Roads. 

A sledge consists of a frame for carrying the wood, sup¬ 
ported on a pair of longitudinal runners. In Europe sledg¬ 
ing is usually done over snow, but in India sledge-roads, 
which are chiefly employed in the Himalayas, are not 
covered with enough snow for a sufficient length of time to 
make snow-sledging practicable. The sledge-road consists of a 
well-graded track on which sleepers are laid at such a dis¬ 
tance apart that the runners of the sledge will rest on not less 
than two sleepers at any time ; the runners of the sledge run 
in grooves cut in the sleepers. The sleepers themselves are 
laid on longitudinal scantlings placed in two parallel lines 
about 3 feet apart. 

The main obstacle to constructing a sledge-road is that 
the limits within which the gradients may vary is very narrow 
(between 4° and 11°); hence it is impossible to avoid obsta¬ 
cles by temporarily increasing the gradient, and much expen¬ 
sive rock-blasting may be necessary. Sharp curves are also 
to be avoided, as the sledge tends to leave the track if the 
curve is too sharp. In India sledge-roads are used chiefly 
for transporting sleepers, and may also be used for trans¬ 
porting other sawn material, as well as firewood; the 
sledges, which are usually in charge of two men, slide down 
the track by their own weight, the empty sledge being 
pushed up again by the men. 

The life of a sledge-road will depend on local climatic con 
ditions and the kind of wood used in its construction. Sledge- 
roads made in 1884 and 1890 at Deota and Thadiar, Jaunsar 
Himalayas, were in use for nearly 6 years and nearly 4 years, 
respectively. The cost of extracting broad-gauge sleepers 
on the Deota sledge-road (length 5,877 feet) was J of that 
of carriage by coolies, while on the Thadiar sledge-road 
(length 7,960 feet) the cost was under } of that of cooly 
carriage. 

3. Rolling-Roads. 

A rolling-road is a specially constructed road for rolling 
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logs down a gentle incline. The maximum and mean gradients 
should not exceed 10° and 3°, respectively, while sharp 
curves should be avoided as much as possible; hence ' the 
construction of such roads is expensive where many obstacles 
are met with. Two parallel lines of poles are laid, like rails, 
along the rolling-road, these being partly embedded in the 
ground to keep them firm. The logs are rolled in batches 
of 10 to 20, the only implements used being levers about 6 
feet long. The foremost log of the batch is kept from rolling 
forward by stones and wood wedged under it in front. More 
stones and wedges are then placed about 30 feet in front, and 
the original stones and wedges are knocked out from under 
the log; the logs are then rolled forward with levers, and come 
to a stop where the stones and wedges have been placed. 
This operation is repeated constantly so that the logs may not 
get out of control. In exceptional cases a stream-bed may 
be transformed into a rolling-road by removing large stones 
and laying poles along its bed. 

The system of rolling logs is not unattended by accidents. 
Men have to keep in front of the rolling logs to stop them or 
guide them with levers, a work which is somewhat risky. 
Rolling-roads are most in use in the Punjab Himalayas. 



4. Dragging-Paths. 

Dragging-paths are paths along which timber is dragged 
from the forest to the nearest floating-stream, cart-road, or 
other line of export. Dragging-paths require little construction 
beyond the cutting of jungle and slight grading. 

In soft ground billets of wood, partly embedded in the 
ground, are placed across the dragging-path ; this is especially 
necessary when the logs have to be dragged uphill. 

Dragging can hardly be considered a means of transport 
over very long distances, but rather as a means of clearing 
the coupe and bringing the timber to the export line; it has, 
therefore, been dealt with at more length in Chapter III 
(page 106). 

Where dragging of logs has to be done up steep slopes 
the block and tackle arrangement mentioned on page 103, 
(vide plate IX, fig. 5), can be applied with success. 


< 5. Slides. 

Slides are used in hilly country for extracting logs, fuel, 
or sleepers and other scantlings. They may be classified 
broadly into dry slides, where the wood slides down by its 
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own weight, and wet slides, where water acts as a conveying 
medium in the slide. Dry slides may be either earth slides 
or wooden slides : when they are so steep that the wood slides 
down rapidly by its own weight they are termed “ shoots.” 

(1) Earth Slides. 

An earth slide is merely a natural hollow or artificially 
prepared depression running down the mountain side; a 
certain amount of preparation is necessary in the way of 
removing rocks and other obstructions from the sliding path. 
In gradient an earth slide may vary within wide margins, 
usually between 20° and 60°, but on a gradient of more than 25° 
it is impossible to prevent the logs from sliding down without 
control unless walls known as check-walls are constructed 
across the path at intervals. With low gradients the sliding 
of the logs is assisted by means of levers, but care is taken 
not to allow the logs to slide down without control. Earth 
slides in the Himalayas are usually straight, but gentle curves, 
if they do not occur at too frequent intervals, are rather an 
advantage than otherwise. Posts or walls are erected only 
at points where the logs are liable to leave the slides. In 
Europe the sides of earth slides are protected by poles; fairly 
sharp curves can be constructed on such slides. 

The initial cost of earth slides, as compared with other 
kinds of slides, is small. The cost of annual upkeep, how¬ 
ever, is comparatively large, being from 20 to 30 per cent, of 
the initial outlay; this is particularly the case in natural 
depressions where boulders and debris accumulate and have 
to be removed periodically. The damage done to the timber 
is not great where the sliding is controlled. 

(2) Dry Wooden Slides. 

These are trough-shaped slides made of round logs or of 
sawn timber fitted together; they are used for sliding logs, 
sleepers, scantlings, and fuel down the sides of hills. 

Dry wooden slides for extracting heavy logs are them¬ 
selves made of logs, approximately equal in size, placed 
longitudinally in an earth channel prepared to receive them*: 
the best gradient for this type of dry slide is 15° to 25°, but 
an occasional change of gradient is desirable so that the speed 
of the logs may be checked by a more gradual slope at inter¬ 
vals. After all the timber has been extracted the logs com¬ 
posing the slide itself are sfent down the slide, which is broken 
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up from the top downwards : in this way the material of 
which the slide is constructed can all be utilized. 

Slides of more elaborate construction are in use for ex¬ 
tracting sleepers, scantlings, or fuel. These may be made 
of poles placed longitudinally and supported by uprights in 
such a way as to form a channel, or they may be composed 
of sawn planks, the slide being rectangular in section. 
Such slides are suitable as a more or less permanent means 
of export, their construction being too costly for the produce 
of a single small coupe. Where they can be more. or less 
continuously employed for a few years they effect a considerable 
saving as compared with cooly or mule transport. 


(3) Wet Slides. 


These differ from dry slides in being supplied with a 
continuous stream of water, the water being admitted at inter¬ 
vals by side channels. These slides are used chiefly for trans¬ 
porting sleepers, and are constructed of sawn scantlings in 
such a way that the sleepers fit into the channel, with a 
narrow margin, and are carried down by the water, which acts 
as a lubricant in gentle gradients and a retarding cushion 
in steep gradients. The scantlings forming the slide are 
fitted tightly together to prevent leakage of water, thus differ¬ 
ing from dry slides, in which such accurate fitting is not 
required. The best gradient for a wet slide is about 15 , 
though a variation from 5° to 25° is permissible. On low 
gradients much more water is required than on steep gradients. 

Where water is plentiful the wet slide as a means of 
export of sleepers and scantlings in hilly country is most 
satisfactory, provided it can be constantly worked for some 
years in order fo give a sufficient return for the cost oi 
construction. 


6 . Forest Tramways. 

Forest tramways as a means of transporting heavy loads 
are very much more suitable than ordinary roads, for the 
power necessary to draw a given load on a tramway is about 
j- of that necessary for drawing the same load on an average 
road in good repair, while in many cases it may be much 
less. Another advantage of the tramway over the road is 
that an ordinary tramway requires less width of roadway 
than a cart-road, and hence the cost of cuttings and embank¬ 
ments is less. On the other hand, as the laying and equip¬ 
ment of a tramway line is costly, it should never be under- 



ft 


nmisr/fy 


123 




taken unless it is first ascertained that it will be regularly 
used to its utmost capacity; in other words, there should be 
sufficient produce available for extraction to make the tram¬ 
way profitable. 

A forest tramway is a form of light railway with narrow 
gauge. In India steam engines have seldom been used, the 
motive power being supplied by draught animals or by men. 
Tramways are used in the hills as well as in the plains, but as 
a rule where produce has to be brought from a high level to a 
considerably lower level a sledge-road is more economical 
than a tramway. 

Tramways may be either permanent or portable, the 
latter being suitable for temporary use in one place, after 
which they may be taken up and laid down elsewhere. 
Portable tramways are particularly suitable for branch lines 
radiating into the forest for the removal of produce from 
one particular block which is worked for a definite period. 

The gradient of a tramway depends on the load. A down- 
gradient of 2 in 100 for timber and 3 in 100 for fuel is the most 
suitable: where these gradients are exceeded brakes are 
necessary to check the speed. In any case a gradient of 
5 in 100 should not be exceeded, and even this is too risky 
for general application. Up-gradients should not ordinarily 
exceed 3 in 100 for buffaloes and 2 in 100 for men. 

7. Wire Rope-Ways. 

Wire rope-ways are strong wire ropes stretched between 
supports, and employed for the transport of timber or fuel from 
a higher to a lower level, the wood being tied to “ carriers,” 
or wheels which move freely along the wire rope. As 
the load moves along the rope by its own weight no motive 
power is necessary. Wire rope-ways are specially useful for 
transporting produce across steep valleys, rivers or ravines; 
they can be fairly easily moved from place to place, their 
working is not interfered with by floods or heavy snow, and 
they can be employed for much steeper gradients than those 
suitable for other forms of transport. Hitherto, however, in 
spite of these advantages, wire rope-ways in India have not 
always been worked with success for the transport of forest 
produce. 

Section II.— Transport by Water. 

There are three methods of transporting wood by water; 
these are (1) floating by single pieces, (2) rafting, and (3) 
transporting with the aid of boats. 


1. Floating. 

Logs and scantlings, and occasionally fire wood, are floated 
singly down streams which are too small for rafting; owing 
to the risk of loss when single pieces are floated, however, 
these should be collected and formed into rafts as soon as 
they reach a stream large enough for rafting. 

(1) Characteristics op a Good Floating-Stream. 

The characteristics of a good natural floating-stream are, 

(1) it should be wide enough to allow the logs to turn round, 
otherwise they are liable to block the channel; (2) the water 
should be deep enough to allow the logs to float without touch¬ 
ing the bottom ; a slow stream in particular requires to be 
deep, as a rapid one will carry the logs along even if they 
occasionally touch the bottom; (3) the bed of the stream 
should be as free as possible from obstructions; (4) the course 
of the stream should wind as little as possible, because the 
more sharp bends there are in the stream the more chance 
there is of logs being driven against the bank and sticking 
there, while the timber takes longer to float out where the 
course is lengthened by bends. 

(2) Improvement op Floating-Stream, and Removal of Obstacles. 

If a stream is not naturally a good floating-stream it can 
to a certain extent be improved. In Europe the head of water 
is sometimes increased by damming up the water and let¬ 
ting it loose at intervals so as to produce artificial freshets. 
In India this is not practised, and is hardly necessary, because 
the monsoon rains supply abundance of water in most parts 
of the country for part of the year, while in the Himalayas 
the melting snows serve to - swell the hill streams. 

Obstructions in the shape of rocks or large stumps and 
snags should be blasted with dynamite or otherwise removed. 
Unless the stream is wide, deep, and free from obstructions, 
a jam of timber is often liable to occur, large numbers of logs 
being heaped together in the stream-bed during the rains 
and left high and dry in the dry season. These timber jams 
are mixed up with inflammable debris of all kinds and are 
very liable to be destroyed by fire in the hot season: for this 
reason they should be carefully guarded until they can be 
broken up. The breaking up of a jam of logs, even in the dry 
season, is often a tedious business, elephants or buffaloes 
being employed to drag the logs away one by one. In the 
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rains, when the streams are swollen, the breaking up of a 
jam of logs is a risky operation, as by the loosening of a single 
log the whole pile of timber may break away at once, so that 
if elephants or men are at work in the stream they stand a 
strong chance of being swept away. To break up a jam of 
logs in a swollen stream, if there are not many logs, the “ key 
log ” should be sought for, that is, the log which holds all the 
others back; it often happens that by the removal of a single 
log on the down-stream side of the jam the whole heap of 
logs can be loosened. A strong cable or chain should be 
attached to the key log, which may then be dragged out by 
an elephant, working if possible on the bank. If the stream 
is strong the key log should be attached by means of a second 
cable or chain to a tree on the bank before the elephant com¬ 
mences to pull. 

If the jam of logs is a large one this method of breaking 
it up is either impracticable or too dangerous to carry out; 
in such a case the logs should be detached one by one on the 
up-stream side of the jam, towed up-stream for a short dis¬ 
tance, and tied to the bank. Large jams may take several 
days to break up in this way. A system of block and tackle 
may be effectively used for breaking up a jam of logs. 

Where sleepers or scantlings are floated the breaking 
up of jams is carried out by men, there being a certain amount 
of risk attending this operation also. 

Floating timber is liable to get carried into backwaters 
and become stranded there: this may be prevented by anchor¬ 
ing a chain of logs across the mouth of the backwater, to 
keep floating logs in the main stream, or by erecting a fixed 
boom in the bed of the stream. Such booms, for keeping float¬ 
ing timber in the proper floating channel, are called lateral 
booms. 

One of the best methods of keeping a floating-stream 
clear of obstacles is to use it every year. If a stream is left 
out of use for some years it becomes blocked with fallen trees, 
stumps, and debris of all kinds, which may cost a considerable 
amount of money to remove. 

Much trouble is often given by floating-streams when they 
silt up near their mouths and divide into several branches; 
in such a case the only way to keep, logs from becoming 
stranded over the surrounding country is to examine the 
main channel every year, deepen it where necessary, construct 
bunds where the water escapes, and erect booms at the mouths' 
of the branches. 
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The importance of annually patrolling such streams and 
the country adjacent to them is exemplified by the fact that 
the writer in one season had 700 buried teak logs dug up over 
a comparatively small tract of country near the mouths of 
floating-streams in the Tharrawaddy District, Burma. This 
would represent but a very small proportion of the timber 
which had actually become buried by silting up, as these 
streams had been used for floating for at least 50 years, and 
their lower courses had never been properly patrolled. Some 
of these buried logs were as much as 8 feet deep and were 
discovered only by accident. 

(3) Season of Floating. 

Floating in the Himalayan streams usually commences 
after the floods of the rainy season are over, that is, early 
in November, and continues until about the middle of June, 
so that the timber may be collected and rafted to market 
before the rivers become swollen by the monsoon rains, when 
the catching-booms are removed. Sleepers should not be 
launched in high floods, as this occasions much loss through 
their getting broken, stranded high up the banks, or carried 
past the catching-place. 

In many Indian floating-streams, however, floating can 
be carried out only in the rainy season. For this purpose tim¬ 
ber is dragged from the felling area and placed in position 
in the stream during the dry season, so that when the water 
rises at the beginning of the next monsoon the timber is floated 
out. This system is followed throughout Burma, where 
the floating of timber is extensively carried out. During the 
dry season gangs of elephants are regularly sent down all 
the floating-streams to roll, pull, or push all stranded logs 
into position for the next season’s floods. 

(4) Collection of Floating Timber. 

Floating logs or scantlings, when they reach a rafting 
river, or point below which the timber can conveniently be 
transported in the form of rafts, are collected and made up 
into rafts. The collection of logs is sometimes done by men 
in boats, but often special temporary obstructions, known as 
booms, are moored across the stream to intercept the floating 
timber. These booms vary much in structure, some being 
composed of a chain of logs securely fastened together and 
some, like the Dakhpathar boom on the Jumna, being of more 
elaborate construction. Booms are sometimes placed across 
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the rafting river, and sometimes across the mouth of the 
floating-stream itself, the rafts being formed in the floating- 
stream near its mouth. In any case the boom should be thrown 
across a narrow part of the stream, and should if possible 
be placed below a sharp bend, so that the logs may strike 
against the bank and lose some of their velocity before striking 
the boom. The collection of floating timber is sometimes 
carried out by men using inflated skins as a support. 

2. .Rafting. 

(1) General. 

Rafting differs from floating in that the pieces, instead 
of drifting along singly, are tied several together into rafts, 
which may be composed of logs, sleepers and other scantlings, 
bamboos, or fuel. 

Rafting may be carried out in rivers, canals, or in the 
sea. In rivers the rafts drift with the current, being guided 
with oars or poles. In still-water canals or creeks, or in the 
sea, artificial propulsion is necessary; in canals and other 
channels this is done by oars or poles, or by towing from the 
bank, or by the aid of launches or boats, while in the sea tow¬ 
ing by launches is the mode of propulsion. In tidal estuaries 
the tide acts as a motive power for rafts. 

(2) Suitability of Rivers for Rafting. 

A rafting river should be deep enough to allow the rafts 
to float without touching the bottom, and should be free 
from projecting or submerged rocks and other obstacles against 
which the rafts, may strike. It is of advantage to have the 
river wide enough to enable rafts to turn round, but in canals 
this is not necessary. 

The improvement of a rafting-river is carried out by the 
means employed for improving a floating-stream, except 
that backwaters and side-channels do not require to have 
their mouths closed up by lateral booms. It is sometimes 
necessary to employ steam-launches to remove stranded 
tree-stumps and other movable obstacles. 

(3) Season for Rafting. 

River-rafting in India cannot as a rule be carried out 
in the season of high floods, as the rafts are liable to become 
unmanageable and to be carried over the flooded country 
and left stranded when the water subsides. For this reason 
the rafting season on rivers usually commences after the 
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rains and continues until the water becomes too low or again 
rises at the commencement of the next rains, or, in the case 
of Himalayan rivers, until the rivers become swollen by the 
melting snows, that is, about the end of April. 

Rafting by sea, which is done in the Andamans, is dangerous 
during the monsoon or when there is much swell or wind. 
Small rafts, however, can be towed in the open sea all the 
year round provided there is not too much wind or swell. 

(4) Construction and Management op Rafts. 

The size of a raft depends largely on the nature of the 
river or other channel by which the timber is to be transported. 
The width of the raft depends on that of the rafting channel, 
while its length depends on the number and sharpness of bends 
in the channel; where the channel is fairly straight longer 
rafts can be transported than in the case of a channel with 
abrupt bends. The size of sea-rafts depends largely on the 
weather and the state of the sea, larger rafts being transported 
in fine weather and in a calm sea than when the sea is somewhat 
rough. 

The methods of tying logs into rafts depend on the avail¬ 
able supply of materials suitable for the purpose, the class 
of timber to be rafted, and on local conditions generally. In 
this respect the construction of rafts may be dealt with separ¬ 
ately according as they are composed of (a) logs, ( b ) bamboos, 
(c) sleepers and other scantlings, or ( d ) fuel. 

(a) Rafts of logs .— In a log raft the logs are usually fastened 
in such a way that they lie in the direction in which the raft is 
to move. The number of logs in a raft varies greatly: the small¬ 
est rafts consist of only one section, but larger rafts are made 
up of two or more sections fastened securely together longi¬ 
tudinally. The logs in each section should be as nearly as 
possible of equal length. Burmese teak rafts on the Irrawaddy 
usually contain from 110 to 250 logs, the number varying 
according to the size of the logs; there are 5 to 12 sections in 
the raft, each section containing 16 to 20 logs. Smaller rafts 
containing 5 sections with about 9 logs in each section are 
floated down the Sittang river, because the rafts have to pass 
through the lock gates of the Pegu Canal, which would not 
admit the larger Irrawaddy rafts. The logs in each section, 
if of equal length, are firmly bound together by passing a 
long thick cane through the drag-holes, which lie in a line, 
while a long thin pole is placed across the section over the 
drag-holes and lashed tightly to the logs by canes passing 
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through each, drag-hole; this is done at each end of the section. 
It the logs are of unequal length the long cane is not used, 
but each log is firmly fastened by canes to a pole placed 
across the section as near its end as possible, provided it lies 
over all the logs of the section. The sections themselves are 
lashed together by strong twisted cane ropes linking together 
every third or fourth log of adjacent sections. 

To.give stability to the raft and prevent the sections from 
becoming torn apart from each other logs longer than the 
sections are lashed to either side of the raft so as to project 
over the lines of junction of the sections and protect them. 
An Inawaddy teak raft is managed by a crew of five or six 
men, who live on the raft, building one or more huts near its 
centre; the raft is guided usually by four oars, two in front 
and two behind. These rafts are moved only by day beinc 
moored to the bank at night. 6 

In Travancore small rafts of 10 to 14 logs are constructed. 

Y\ here the logs are too heavy to float they may be sup¬ 
ported by logs of light wood or bundles of hollow bamboos, 
the whole bemg bound together in the form of a raft. Such 
rafts requhe very careful binding, and should not be constructed 
till all floods subside, because the breaking of the raft would 
mean the loss of all logs that become detached. 

In the Andamans timber is rafted by sea, launches being 
fSwW f ° r ^ wmg ^ rafts - Tlie logs have to be very strongly 
to m™* t p e l! ler, F a f d hence chams are employed in preference 
qpn £ \ Rafts of fr01 ^ 50 to 60 logs can be towed in the open 
sea all the year round, except in rough weather, but larger 

at!? I?® n , 0t n ? ed m 1 the monsoon - Th e speed of towing aver¬ 
ages 10 miles a day in the open sea and 10 to 15 miles in sheltered 
seas and bays. 

,, Bamboo rafts.— Many streams which are too small for 
the rafting of timber can be employed for the rafting of 
lumboos, provided the rafts are made small enough. These 

reacll ,T g a J arge raftin g-river can be fastened 

ii l K nt ° ^ ge iaftS ' The commonest method of construct- 

mfp pn!? b °°/ a + fts 1310 0U * sma11 holes trough the bamboos near 

of 20to oTbJ\ paSS a FT bfsplit, bamboo through the holes 

bein! tld tnT 1 ' 00 ^ 8101 ! bj f lde ’ the ends of the s P Ut bamboo 
being tied to keep the bamboos together. Some four or five 

boun]To e J S tl° f ba S b ° 0S are placed one over other and 
bound together with strips of bamboo passing round them. 

lhcse bundles may m themselves form small rafts, or several 
1771 LG r^ be tled t ° gether side b T 8ide 'longitudmaflv 


% 


\ , 


130 




to form large rafts. Stability is given to such rafts by lashing 
poles or bamboos across them at intervals. 

(c) Rafts of sleepers and scantlings. —Sleepers and scantlings 
are rafted on the Jumna. The sleepers are placed in pairs, 
one sleeper on top of the other, and arranged transversely 
to the direction in which the raft is to move. The sleepers are 
kept together by being lashed with bhaber grass ropes to 
longitudinal sleepers placed over them. These rafts are about 
50 feet long and contain 160 metre-ga'ige sleepers or 120 
broad-gauge sleepers, the breadth of the rafts being 6 feet 
and 10 feet, respectively. The rafts are guided by two men, 
one in front and the other behind. Rafts of scantlings are 
made up similarly. 

When the sleepers or scantlings are too heavy to float by 
themselves they may be mixed with scantlings of lighter 
woods, or supported by bamboos. Sleepers or scantlings may be 
successfully brought down floating streams on small bamboo 
rafts, to which they should be securely fastened. 

(d) Fuel rafts. —The rafting of fuel billets is not extensively 
carried out in India. On the Nerbudda fuel is made up into 
bundles, which are fastened together into rafts in a manner 
similar to that employed for bamboos. 

(5) Control op Rafting Rivers. 

When rafts are insecurely fastened together, or when 
they collide with rocks or other obstacles, or meet with similar 
accidents, logs are liable to become detached, or the whole 
raft may become broken up and the loose pieces drift away out 
of control. Timber in a rafting river which is thus floating 
without control is called “drift timber,” and is particularly 
liable to become lost or stolen. To prevent such loss, rafting 
rivers are made subject to what are known as drift rules, under 
which all drift timber is salved and brought to special drift 
depots where it is advertised for a certain time, and if not 
olaimed within the statutory period, is sold for the benefit 
of Government, 

3. Transport with the Aid of Boats. 

On Indian rivers a common method of transporting logs 
which will not float by themselves is to suspend them under 
water to poles fastened firmly across the hulls of boats and 
projecting on either side, or to fasten them to the thwarts 
of the boat without the aid of cross-poles. 
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Usually from one to’three logs can be so attached to either 
side of the boat, or from two to six logs in all. Timber cannot 
usually be transported up-stream in this manner, as the fasten¬ 
ings break with the resistance to the water. 

In the Andamans logs are transported by sea by lashing 
them to the thwarts of boats 34 feet longhand 10 feet wide. 
These boats are tied together in single file and towed by 
launches. 

Fuel billets are loaded into boats and transported as cargo 
on some Indian rivers. On the Indus these fuel boats are 
sailing boats with a capacity up to 25 tons or more. 

When timber is transported in sea-going vessels it is usually 
first sawn into squares or scantlings, to avoid unnecessary 
cost of transport if shipped in the log. 
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CHAPTER V. , ‘ 

WOOD DEPOTS. 

1. General. 

Depots are places where wood or other forest produce 
is stored until it is time for its disposal. Although in some 
parts of India depots for the sale of minor forest produce 
exist, the most important dep6ts are for timber or fuel. Depbts 
may be classed broadly into forest depbts and sale depbts. 
The former are usually of a more or less temporary nature, 
and are intended chiefly for the collection and checking of 
produce prior to its despatch from the forest. Sale depbts 
are of a more permanent nature, and are usually situated 
in some central place where intending purchasers can 
conveniently inspect the produce for sale. Sale depbts, from 
their position, are divided into land and water depbts. In 
some parts of India the distinction can hardly be drawn, as 
timber depbts are often situated on land which is flooded 
during the rainy season and dry during the remainder of the 
year. 

2. Land Depots. 

In selecting a site for any land depot care should be taken 
to provide for convenient ingress and egress: the depot land 
when selected and acquired should be demarcated by 
conspicuous and permanent marks, otherwise encroachment 
from outside is liable to occur. 

If the produce to be stored consists of fuel or timber liable 
to deteriorate if subjected to periodic wetting, it is essential 
that the- ground should be well drained and not liable to 
inundation. Where, however, the timber to be stored will 
not suffer through periodic flooding, land subject to inundation 
is not entirely unsuitable, though it is objectionable if it 
renders the examination of logs difficult: hence on such land the 
area should be divided into sections separated by raised paths, 
so that intending purchasers can obtain access to any lot of 
logs from one of the raised footpaths. This system is followed 
in the large Government teak timber depbt at Rangoon, a 
land depbt which is partially inundated for several months in 
the year. 

In depbts intended for scantlings or fuel it is often necessary 
to erect sheds for the protection of the material ; in this case 
great attention should be paid to, close stacking and economy 
of space. Sheds are also necessary for valuable material 
sue f t as sandalwood, for charcoal, and for most kinds of minor 
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produce. Dep6ts for all such small material, which can be 
easily removed, should be provided with a high fence and a gate 
wmca can be locked at night. & 

3. Water Depots, 

Water depdts may be established in a river, in still water, 
01 on the sea-shore. River dep6ts are always attended with 
some nak owing to sudden rises due to floods, and are there- 
toie unsuitable for long storage of timber. A place should be 

i Whei ’l th u 13 J slack ’ a ba ckwater for choice, 

ai jogs should be enclosed by a boom, usuafly formed of 

V f eC V' 0ge . ther en ? t0 fencl The bank should be stable, 
so that stout posts may be fixed at intervals for the mooring 

of rafts or smaller lots of timber, while specially firm posts are 
required.for fixing the boom. F 

or msv 6 hp^ may be e j tber natural lak es or ponds, 

W b art . lfic ' aU y constructed, the water being admitted 

" leadlD o from the floating-stream or river down 

fip fvi th timb r h j S j been trans P° rted : the channel should 

floated intoZdeS * *° be 

A sea-shore dep6t should be well sheltered, and should not 
be exposed to the open sea, while the beach should have a 
gradual slope Wood should not be stored for any length of 
t me m the water owing to the risk of marine borers "There 
it 1 Xr Se f'f° re ^ e P bt at Port Blair in the Andamans; 
shelving hS? fl 10m , b ° tb 1 monsoons ’ and is situated on a low 

footOTtwo?nX h itXt ra V°T t - de being nowbere more than a 
t \ de P tb :. Tlus de P 6 t is surrounded by a fence on the 
landward side, reaching as far as low-water level. 

4. Management of Depots . 

Every dep6t should be in charge of a responsible nersnn 
whose rank will depend on the importance of the depdt. The 
depot-keeper should be assisted by one or more guards whose 
duty it is to prevent theft or loss from any cause. All Ws or 
scantlings brought into the depdt should be measured X 
numbered, their numbers, measurements, and description being 
entered m detail m a register of receipts. The numbering can 
be conveniently done by means of punches or numbering 
hammers; it is sometimes customary .to stamp a snecial 
mark at either side of the number to prevent any figure being 
added. Where the serial numbers are commenced afresh each 
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year, the year should also be marked to prevent confusion. 
The logs or scantlings on reaching the depdt are separated 
into various size and quality classes and divided into conveni¬ 
ent lots for sale. The nu m ber of logs in each lot will depend 
largely on local circumstances, but where small dealers have 
to compete against more wealthy traders it is advisable not to 
have the sale lots too large, otherwise the small dealers cannot 
afford to compete. The procedure with regard to firewood is 
somewhat similar, the firewood being separated according to 
size and quality and stacked in separate stacks, each of which 
has its own number. Where numbers are stamped on timber 
or other produce with punches or hammers, it is advisable also 
to paint on the numbers conspicuously, so that they may be 
readily seen. The numbers of the dep6t lots and symbols 
denoting quality or size classes should also be conspicuously 
marked. 

When timber is sold at a dep6t and the price has been 
realized the timber should be marked with the sale hammer, 
And the particulars of such timber should be entered in a sale 
register. Details of timber or other produce disposed of in 
any way should be entered in a register of receipts and issues, 
in the column of disposals or issues, which should agree with 
the column of receipts in the register. In some cases, particu¬ 
larly in the case of fuel and sandalwood, it will often be found 
that the volume or weight of a certain lot disposed of will be 
less than it was when it was received in the depdt, this loss 
being due to shrinkage or loss of weight in drying. In such a 
case the loss is written off in the column of disposals as wastage 
by sh r i nkin g or drying, so that the total disposed of will agree 
with that received in the depdt. The dep6t registers should be 
balanced at least once a month, and should agree with the 
cash accounts and with the bills issued during the month for 
produce disposed of. 

Complete stock of the depdt should be taken periodically, 
at least once a year. To facilitate stock-taking and to enable 
wastage to be checked at frequent intervals, a “ section system ” 
is in operation in some of the fuel depdts of the Madras Presi¬ 
dency. The depot is divided into three sections, which we may 
call A, B, and C, for each of which a separate set of registers 
is kept. The quantity of fuel received in any one section is 
approximately enough to meet one month’s demand. Sales 
are allowed only in one section at a time, so that when sales 
are going on in section A, section B is full, and section C is 
receiving fuel from the forest. As soon as a section is 
emptied its accounts are closed. 
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In the case of fuel, bamboos, poles, or other produce required 
for daily consumption in small quantities, sales by fixed rates 
are the usual rule : in such cases the tariff rates should be clearly 
marked up on a board in the depot. Receipts for produce 
purchased should be of a prescribed form, and should be serially 
numbered: manuscript receipts on odd pieces of paper should 
never be allowed. 

When a sale takes place at a depdt the purchaser should be 
required to remove the produce purchased within a reasonable 
time, fading which demurrage should be charged. Unless 
such rules are enforced the dep6t is likely to become a storing- 
ground for the timber of miscellaneous persons; such timber 
not only occupies space, but is liable to cause confusion. One 
of the most important points in depdt management is to 
arrange the timber in proper order, and in such a way that 
any log or lot of logs can be removed without displacing other 
logs. There is nothing more confusing than a depdt in which 
the logs are thrown down in heaps without any attempt at 
arrangement; in such a case the stock can never be properiy 
checked, nor can loss be discovered until it is too late. 
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PAET II 


UTILIZATION OF MINOR FOREST PRODUCE. 

Under minor forest produce is included all kinds of forest 
produce other than timber and firewood; it comprises animal, 
vegetable, and mineral products, and is therefore very varied 
in kind as well as in value. 

Although the forests of India are extremely rich in minor 
products of all kinds, a great deal remains to be done in the 
way of exploiting them ; this will naturally take time, and 
will depend largely on the extent to which their uses become 
known and markets are found for their disposal. 

. We may conveniently deal with the principal classes of 
minor produce imder the following heads :— 

I.— Grass. 

II.—Minor 'produce from stems and roots of trees and 
other plants. 

III. — Leaves. 

IV. — Flowers, fruits, and seeds. 

V.— Exuded products. 

VI. -Animal products, including hunting, fishing, and the 

catching of elephants. 

VII. —Mineral products. 

VIII. — Miscellaneous minor produce. 


\ 
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CHAPTER L 
GRASS. 


The utilization of grass is, when considered from the point 
of view of grazing and fodder, one of the most important fac¬ 
tors in maintaining the agricultural prosperity of India, and 
therefore merits careful study, more especially as its utilization 
may under certain conditions be very harmful to the forest 
itself. We may conveniently consider the subject under the 
heads of (1) grazing, (2) cut fodder, (3) fibre-yielding and 
thatching grasses and (4) grasses from which oils are distilled. 

Section I.— Grazing. 

1. Dangers Arising from Forest Grazing. 

Although forest grazing under ordinary circumstances is 
most injurious to the welfare of the forest, still it is in most 
parts of India so closely connected with the agricultural customs 
of the country that it has to be submitted to, often to the 
detriment of successful forest management. The chief dangers 
arising from forest grazing may be summed up as follows:— 
(1) Young seedlings become crushed and trampled, while the 
soil in many cases becomes hardened by the tread of the grazing 
a nim als; (2) seedlings and saplings are browsed down ; this is 
particularly the case towards the end of the dry season when 
the young plants have sent out their first flush of new leaves, 
while the grass is still dry and uneatable; (3) the removal of 
grass and other herbaceous vegetation exposes the soil and 
removes manurial matter; the removal of the latter, however, 
is to some extent compensated for by the manure afforded 
by the animals. 

2. Advantages of Forest Grazing. 

Although the disadvantages of forest grazing far outweigh 
its advantages, still there are exceptional circumstances under 
which a certain amount of controlled grazing may even be 
beneficial. Thus grazing tends to keep down rank grass and 
under-growth; this lessens the danger from fire, and may even 
assist in freeing seedlings which would otherwise be suppressed. 

Good results may also follow the wounding of the soil 
which accompanies grazing; this is particularly the case 
in coniferous forests where the thick layer of needles on 
the ground sometimes retards reproduction until the soil 
is wounded by the feet of grazing animals. 
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3. Factors on which the amount of Damage by Grazing 

Depends. 

The damage caused by grazing varies greatly under different 
conditions; the chief factors which influence the extent of 
damage are as follows:— 

(1) Kind of Cattle. 

The most destructive of all animals are goats, owing to 
their habit of eating almost everything they can reach, 
bending down saplings in order to reach the tender shoots ; 
goat grazing is prohibited by law in most European countries, 
and where rights to goat grazing exist in India they should 
if possible be commuted. Sheep are less destructive' than 
goats, as they prefer grass, and will not eat anything else 
unless the grass is very coarse and dry. Buffaloes may do 
considerable damage by crushing young growth, owing to 
their weight and size, while on steep slopes they are apt to 
lay bare the roots of trees by trampling the ground. In the 
plains and low hills, provided there are sufficient watercourses 
with grass and other vegetation on either side, the damage 
done to the forest may not be great, as the buffaloes prefer to 
remain near the streams. Cows and bullocks are, for their size, 
probably the least harmful of all stock, as they prefer grass 
if they can get it; owing, however, to their immense numbers, 
they are the source of the great bulk of damage done by 
grazing in India. Camels, owing to their height and to their 
browsing habits, are almost as destructive as goats, as they 
nibble off the top shoots of young trees. Other animals are 
not sufficiently abundant to take into account. 

(2) Season of Grazing. 

The season during which grazing is most required by 
the agriculturist depends on local circumstances. In many 
parts of the country the dry season is the season of forest 
grazing, owing to the scarcity of fodder; in many rice-grow¬ 
ing districts forest grazing is required in the rains, as the 
cattle cannot be admitted into the fields while the growing 
crops are on the ground. The extent of damage done during 
each season depends on circumstances: thus in forests which 
are maintained for the production of bamboos, grazing dur¬ 
ing the rains, at the time when the new shoots appear, 
should be prohibited. Grazing does most harm towards the 
end of the dry season, when the grass is all dried up and is 
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uneatable, while the seedlings and saplings of forest trees, 
which have sent out a new flush of leaves, are greedily- 
attacked : this danger is not to be feared so much after the 
rains^ have started and there is an abundance of green grass. 
Grazing in the dry season often leads to danger from°fire, 
and it may therefore be necessary to close forests to grazing 
throughout the fire season. 

(3) The Number of Cattle per Acre. 

The greater the number of cattle admitted per acre, 
the greater will be the damage done to the forest, and it is 
therefore advisable to fix the maximum number of animals 
which may be allowed to graze over a given area. In this 
connection general figures are quite misleading, as the 
number of animals admitted must depend entirely on the 
type of forest, the period during which the forest is open to 
grazing, and on local conditions generally; such figures can 
only be arrived at by observing the effect of grazing a certain 
number of animals over a given area and fixing the number 
according to the degree of protection which it is necessary 
to afford to the forest. In some districts the area allotted is 
£ an acre per head of cattle, but this is incompatible with 
the safety of the forest. In Germany it is estimated that 
one cow requires 3 acres, a draught bullock 3f acres, a 
horse 4|- acres, and a sheep ^ of an acre. 

The Darjeeling rules of 1885 fixed the minimum area 
at 5 acres per head of cattle. In Kawalpindi the number 
of bovine animals, ponies, and mules allowed is 1'6, and of 
sheep and goats 3'2 per acre, while in Ajmer-Merwara one 
head of cattle is allowed per acre where the forests are open 
to grazing for only 4 months in the year. 


4. Regulation of Grazing. 

In order to mi nim ize the injurious effects of grazing 
it is necessary to regulate it carefully; the chief measures 
to be taken are the following:— 

(1) Coupes under regeneration should be closed to 
grazing long enough to allow the young plants 
to grow up out of reach of animals. In selection 
forests and other forests where the regenera¬ 
tion period is not limited, it is necessary to 
close certain areas in rotation. In every case 
the closed areas should be clearly marked off 
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on the ground by means of pillars, boards, 
or other marks. 

(2) The forest should not as a rule be kept open to 

grazing during the whole year, but should be 
closed for a certain number of months, the period 
of closing being that when the forest is most liable 
to suffer from grazing. In the Punjab it was found 
many years ago that areas closed to grazing 
for 9 months in the year brought higher returns 
than those kept open throughout the year. 

(3) There should be a responsible herdsman in charge 

of the cattle, and he should not have more cattle 
under his charge than he can look after; he 
should drive the cattle from place to place, and not 
keep them grazing too much in one part of 
the forest. 

(4) The cattle should be provided with bells, so that 

straying animals may be detected. 

(5) The number of cattle per acre should be limited 

so that the forest may not be over-grazed. 

(6) In order to limit the extent of grazing, as well 

as to compensate for damage done and to produce 
revenue, grazing fees should be levied. These 
fees are usually fixed on a lower scale for local 
villages than for villages situated at a distance 
from the forest and for the cattle of professional 
graziers who visit the forests only at certain 
times of the year. The fees may be collected 
by permits, or an estimate of the number of 
cattle in each village concerned may be made 
periodically and fees levied in lump sums; the 
latter system is simple, and is perhaps the least 
oppressive system, but it has the drawback that 
correct figures as to the number of cattle are not 
easily obtained. 

(7) In the case of cattle brought from a distance it 

is often necessary to have enclosures for penning 
up the animals at night; this does not apply 
to cattle which can fie driven back to their 
villages each evening. 
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Section II.— Cut Fodder. 

1. Grass-Cutting. 

As in the case of grazing, the cutting of grass removes 
a certain amount of manurial matter from the ground, and 
may also deprive young seedlings of shelter; its benefits, 
however, as a rule outweigh its disadvantages, particularly 
in freeing seedlings from suppression where they are 
unable to rise above the grass, and in diminishing the danger 
of fire. So beneficial is grass-cutting as compared with grazing, 
that wherever the former can be substituted for the latter 
it should be done. In permitting grass-cutting in the forest 
the use of scythes should be prohibited owing to the risk of 
cutting down young seedlings: if the cutting is done with a 
sickle, and if the grass-cutters exercise ordinary care, the risk 
of cutting seedlings is small. The quantity and quality of 
grass can be greatly improved by ploughing, frequently manur¬ 
ing the surface of the land, and weeding out coarse varieties 
of grass and other vegetation; by systematic treatment of this 
kind the Government grass farms at Allahabad and elsewhere 
are capable of producing as many as 5 or 6 crops per annum, 
where originally the land was almost barren. 

For immediate requirements, and where the grass is to be 
used in the neighbourhood of the forest, green fodder can be 
utilized, but where it has to be removed to a distance or stored 
for future use, it must first be converted into hay or silage. 


2. Hay. 

Grass intended for hay should be cut immediately after it 
flowers; if cut after fruiting the grass is harder, more fibrous, 
and less nourishing, as much of its food material has been used 
up to form the seed. The grass should be cut in dry weather; 
as soon as it is cut it should be spread out to dry, and on the 
approach of evening it should be collected into heaps to keep 
the dew from it. Next day it is spread out again in the sun and 
tossed up with wooden forks; if sufficiently dry it should then 
be carted away and stacked, otherwise it should again be 
collected into heaps for the night and [similarly dried and 
tossed up next day. Hay is about £ the weight of the 
grass from which it is made; it should be greenish in 
colour, and should have the characteristic scent of fresh hay, 
without any trace of mouldiness. Hay should be built up 
in stacks, either circular with a conica( toof, or shaped like 
a house with a pent roof; the eaves should project further 
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out than the base, and the roof should be thatched. Where 
damp or white-ants are to be feared the site of the stack 
may be first prepared by digging a trench round it, throw¬ 
ing the earth into the middle, and giving the site a slight 
slope up to the centre; a layer of cinders 4 to 6 inches deep 
is then laid on tfie earth, and the stack is built up on the top 
of this, the eaves projecting over the trench. In order to 
reduce its bulk for transport, hay may be pressed in special 
presses worked either by hand or by machinery. 

3. Ensilage. 

Ensilage is a method of storing green fodder in an air¬ 
tight place, under pressure; the most convenient method 
is to store the fodder in pits dug in the ground, these pits 
being known as silos. The success of this method of storing 
green fodder has been proved by many experiments in differ¬ 
ent parts of India: it has many advantages, not the least 
of which is that it may be made during the rains, for the fodder 
may be thrown into the pits quite wet. In making 
silage two precautions must be observed, first, the pit must 
be kept perfectly air-tight, and, second, there should be 
a certain amount of pressure on the pit; if these conditions 
are fulfilled the manufucture of silage is an easy matter. 
The fodder employed may be of almost any kind, the coarsest 
and rankest grass being converted into tender succulent 
fodder in the process; a mixture of different kinds of fodder 
may also be ensilaged in the same pit. The process of ensil¬ 
age depends on the fact that green fodder when stored in an 
air-tight place undergoes chemical change by fermentation. 

Silos are rectangular pits varying in dimensions, a use¬ 
ful size being depth 8 feet, measurement at the surface 26 
feet by 9 feet and at the base 24 feet by 7 feet, the sides thus 
sloping slightly: the pits should be dug in stiff soil so that 
air may be excluded. The fodder itself, if very coarse, should 
be cut into moderately short pieces to ensure close packing. 
When the pit is filled to the top all the earth dug out of it 
should be spread over the fodder and rammed tight down: the 
contents of the pit sink for several days afterwards, and the 
covering should be examined frequently, all cracks being 
closed up. Sometimes matting is placed over the fodder 
before the earth is heaped on, but this is not essential. 
Permanent silo pits may be constructed with masonry or 
wooden sides, but the ordinary pit is quite sufficient and 
js cheaper. The pit is ready for opening from 3 to 6 months 
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after being filled, but may be kept closed for several months 
longer: the contents of the pit should be used quickly after 
•being taken out. Silage is usually greenish-yellow or greenish- 
brown in colour, and has a peculiar odour; it is sometimes 
objected to by cattle at first, but they usually get over the 
dislike, while in many cases they devour it greedily from 
the first. 


Section III.— Fibre-Yielding and Thatching 
Grasses. 

None of the Indian grasses supply fine textile fibres, but 
a few of them are suitable for cordage, matting, and paper¬ 
making. The two most important grasses in this respect are 
the bhaber, baib, or sabai (Ischoemum angustifolium), and the 
munj {Saccharum arundimceum). The former grows plentifully 
on the bare slopes of the outer Himalayas, as well as in parts 
of Bengal and in the Peninsula; it is a valuable paper¬ 
making grass, somewhat resembling esparto: it is also 
largely used for rough ropes and for mats. For paper-making, 
as well as for ropes and mats, long-fibred bhaber grass is 
preferred. 

The munj grows along river-beds and other low-lying 
places : the fibre is obtained from the long sheaths which en¬ 
velope the stems, and is used for rope-making, for the manu¬ 
facture of the durable matting known as munj-matting, and 
also for paper-making. The stems are used for basket-work, 
for the ceilings of verandahs, and similar purposes. 

The khus-khus grass (Vetiveria zizanioides, syn. Andropogon 
muricatus) yields from its roots a fibre which is made into 
aromatic scented mats hung over doors and windows and kept 
wet to afford coolness in the hot weather ; it is also used for 
paper-making and as packing material. 

The fibrous stems and leaves of the £ ‘ elephant-grass 
(Typha dephantina) are used for ropes, baskets, and matting, 
and have also been found useful for paper-making. 

Grass for fibre or thatch should be cut when quite ripe, as 
it is then most fibrous ; it should not, however, be left uncut 
for long after it has ripened, as it is liable to deteriorate 
by rotting. The grass should be cut regularly every year, as 
it falls off in quantity and quality if left uncut. 

One of the most important uses of the more fibrous grasses 
is that of thatching, for which various species are used, the 
chief of which: arc Imperata amndinacea (syn. I. cylindrical 
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Saceharum Narenga, Erianthus Ravennce, and Heteropogon 
(Andropogon) contortus (spear-grass). 

Section IV.— Grasses from which Oils are 

DISTILLED. 

The chief scented grasses of India belong to the genus 
Cymbopogon, the most important species being C. Martini (syn. 
Andropogon Martini), the rusa-oil grass or geranium grass. 
This grass grows wild in Central India, the United Provinces, 
and the Punjab. The scented rusa-oil is obtained by distilling 
the grass with water, and is used in perfumery and soap¬ 
making, much of it being exported to Europe : it is also 
largely used to adulterate attar of roses, while internally it is 
used as a tonic and in cases of fever. Commercial rusa-oil is 
apt to be adulterated with oil of turpentine or linseed and 
other oils. Details regarding the preparation of rusa-oil will 
be found on page 226. 

The lemon-grass oil of commerce, used in perfumery and 
soap-making, is obtained from the lemon-grass (Cymbopogon 
citratus, syn. Andropogon citratus) by distillation with a small 
quantity of water. The citronella grass (Cymbopogon Nardus, syn. 
Andropogon Nardus ) also yields a scented oil, known as oil of 
citroneUa, whose manufacture and uses are similar to those 
of C. citratus. 
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CHAPTER II. 

MINOR PRODUCE FROM STEMS AND ROOTS 
OF TREES AND OTHER PLANTS. 

Under this head are included a large number of useful 
products obtained from the wood, bark, and roots of trees 
and other plants; such products as gums, resins, etc., which 
are exuded from the stems, will, however, be dealt with in 
Chapter V . In the present chapter we shall consider the 
various products under the heads of (1) fibres, (2) tans, (3) 
dyes, (4) oils and other products of distillation, (5) starchy 
products, (6) drugs and spices, and (7) miscellaneous products. 

Section I.— Fibres. 

Fibres of sorts are yielded by the liber (so-called inner 
bark) of all woody species, but only a few species yield fibres 
strong enough to be twisted into rope, and fewer still give 
fibres fine and strong enough for textile purposes. Most 
of the fibres used for rope-making and spinning can be used 
also for paper-making. The methods of extracting the fibre 
vary considerably with different species, and experience 
alone can determine how it should best be done: the process 
of separating the fibres is technically known as “retting.” 
The li ving bark alone should be used, and not the outer 
dead bark. Some barks require to be soaked in water for a 
time, and then beaten or scraped clean, but the^ fibres of 
others, for example those of Calotropis gigantea, are damaged 
by immersion in water, and require to be separated without 
previous soaking. 

By far the majority of fibre-yielding woody plants belong 
to one or other of the natural orders Malvacece, Stercidiacece, 
TUiacece, Leguminosoe, Asdepiadacece, and Urticacece. 

Among the Malvacece may be mentioned Thespesia 
populnea, T. Lampas, Kydia calycina, Hibiscus spp., Abutilon 
spp., Sida spp., TJrena lobata, Adansonia, spp. 

The StercuHacece include some good fibre plants, notably 
Sterculia urens, S. villosa , S. colorata, and Helideres Isora, 
yielding strong cordage fibres, and Abroma augusta, a shrub 
with fine silky fibre like hemp. 

The chief fibre-yielding plants of the order TUiacece which 
are of forest importance belong to the genus Grewia, most 
of the species of which give strong fibres suitable for cordage 
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or rope-making. In the North-West Himalayas the fibre 
ot Grewia oppositifoka is much used; the branches are 
cut from July till March (that is, at all seasons except 
m spring), and are then soaked for one month to 40 days 
m water, after which they are dried and beaten on stones, 
the bark being then stripped off and the fibres separated 

The jute of commerce is obtained from two species of 
Confronts JG. capstans and C. olitorius, order Tiliacea ?); 
it is largely cultivated in India, and the fibre is separated 
by soaking in water. 

Several of the Legumznosce give strong fibres, suitable 
01 rope or rough cordage, for example BauJiinia racemosa, 
B. Vahlii, Acacia leucophlcea, Ougeinia dcdbergioides , Des- 
modium tilicefolium, Spatholobus Roocburghii, Butea fr&ndosa 
besbania spp., and the branches of Hardivichia binata, which 
is frequently pollarded to produce shoots which will yield 
suitable fibre. The “sunn-hemp” is obta : ned from Cro- 
tolaria juncea, a leguminous plant much cultivated in the 
plains of India; the fibre is separated by soakhm for a day 
or two in water, and then washing well. ° " 

The chief fibre-yielding plants among the Asdepiadacece 
are Ccdotwpis gigantea, C. procera, common in alluvial sandy 
beds of streams, Orthanthera viminea, a leafless plant common 
m the nver-beds of the Siwaliks, sub-Himalayas, and ” 
u here and Marsdema tenacissima , which yields a stroim 
silky fibre known as rajmahal fibre” obtained by cutS 
the stems into sections, splitting and drying them " ^teeDine 

dean wi^fth t° Ut and the » scrapingthe fibre? 

clean with the nails or with a stick. 

Among the Vrticacew are various fibre-yielding plants 
o importance, including two plants largely employed in 
paper-manufacture, Streblus asper, used in Siam, and 
Broussonetia papyrifera, much used in Japan and in the Shan 
tates of Burma. The well-known * ‘ Rhea ’ ’ fibre is obtained 
r -°ij Btehtneria nivea, while other species of Bcehmeria also 
yield good fibres. A good flax-like fibre is produced by 
naulinux heterophylla, known as the “ Nilghiri nettle,” 
which is found in many parts of India. The hemp-fibre 
is obtained from Cannabis sativa, which is largely cultivated 
m India. Among species which yield fibres suitable for 
ropes and cordage are Ulmus WaUichiana, Trema spp,, Ficus 
spp., Antiaris toxicaria. Villebrunea spp., Debregeasui spp., 
and others. 


Among fibre plants which do not belong to any of the 
above natural orders may be mentioned Careya arborea and 
Cordict, Myxa, furnishing bast fibres suitable for cordage, 
Daphne cannabina, from the inner bark of which is manu¬ 
factured the Nepal paper largely used in Northern India 
for deeds and other permanent records on account of its 
great durability, and Linurn usitatissimum, the flax plant, 
from which linen is manufactured: this last, as well as some 
of the plants mentioned above, are not of forest importance, 
but are nevertheless mentioned as examples of some of the 
better-known fibre plants. 

Section II.— Tans. 

The name tannin, or tannic acid, is given to a class 
of organic substances which have the property of 
combining with albumen and gelatine to form an insoluble 
compound which will resist decay; for this reason raw hides 
treated with tannin become converted into the substance 
known as leather. Another property of tannic acid is to 
turn iron salts black; this property is made use of in the manu¬ 
facture of ink. Tannin is found chiefly in parenchymatous 
tissue, such as bark and. young wood, certain fruits and leaves, 
and also in the galls formed on leaves and stems by insects: 
tannin also occurs in the extracts obtained from the wood 
of certain trees, the most important of which is Acacia 
Catechu, which produces the extract known as cutch, the 
manufacture of which is described in Part IV. 

Bark contains most tannin in its inner living tissues: hence 
bark intended for tanning should be taken from fairly young 
stems which have not reached the stage of producing hard 
outer bark, as this not only contains little or no tannin, but 
often gives a dark colour to the leather. Vigorous stems 
contain more tannin in their bark than stems of poor growth. 
The most suitable stems from which to obtain tanning bark 
are coppice shoots grown on short rotation: the bark may 
be taken off standing trees, newly felled trees, or from wood 
which has become more or less dry. In the case of standing 
or newly felled trees the bark should be stripped off at the 
beginning of the growing season, because the bark is then 
most easily taken off and contains most tannin ; the most 
convenient method is to take the bark off in sections with an 
axe, billhook, or special barking scalpel. In the case of more 
or less dry wood, the wood has to be cut into billets, and may 
have to be steamed before it can be barked; this not 
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only gives extra labour, but some of tbe ta nnin , owing to its 
solubility in water, is apt to be washed out during the 
steaming, unless care is taken that the steam is superheated. 

After the bark has been removed it should be dried in 
such a way that rain will not get at it and wash out the tannin. 
In fine weather this is best done by leaning the pieces of bark 
against each other, with or without the support of a roughly 
made trestle, so as to form a land of pent roof, the outer side 
of the bark being uppermost; in wet weather the stacks of 
bark require to be protected by a covering of thatch or other 
material. In fine weather the bark becomes sufficiently 
dry in two or three days, and is then exported; the chief 
object of drying the bark is to lighten it and reduce its volume. 

As bark and wood are bulky articles to transport to. long 
distances, various methods have been devised for preparing 
tannin extracts, so that the tanning material may be reduced 
to the smallest bulk possible. The preparation of tannin 
extracts is described in Part IV. 

Some of the most important tanning barks of India are 
those of certain * ‘Mangroves’ ’ (Rhizophora mucronata, Bruguiera 
gymnorhiza, Geriops GandoUeana, and C. Roxburghiana), Cassia 
auriculata, C. Fistula, Shorea robusta, Bauhinia purpurea, B. 
variegata, Acacia arabica, A. Suma, Garuga pinnata, Soymida 
febrifuga, Zizyphus Jujuba (root bark), Z. xylopyra, Rhus 
Cohnus, R. mysorensis, Odina Wodier, Termmalia tomentosa, 
1 . Gatappa, Eugenia Jambolana, Barringtonia acutangula, Briddia 
retusa Quercus imam, Buehanania latifolia, Lagerstrcemia 
parviflora, Anogeissus pendula, Engdhardtia spicata, and 
Phyllanthus Emblica, Several of the wattle-trees of Australia 
(Acacia spp.) have been naturalized in India, and yield good 
tanning barks: the chief species are A. dealbata, A. Mdanoxylon, 
and A. decurrens. 

Galls are found on several species of trees and shrubs, 
and are largely used for tanning and dyeing; some of the 
principal gall-bearing species are Taimrix spp., Pistacia 
integerrima, Garuga pinnata, Acacia leucophloea, Terminalia 
Chebida, T. tomentosa, Prosopis spicigera, and Pongamia 
glabra. 

The preparation of tannin extracts from wood has hitherto 
not been carried out to any great extent except in the 
case of cutch: there are, however, other woods which 
give promise of yielding good tannin extracts, for example 
Xylia dolabriformis, from the sawdust and waste wood of 
which extracts have been prepared experimentally. 
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Section 


III.— Dyes. 


Dyes are obtained from the bark, wood, and in some cases 
the roots, of many trees and other plants. Many of the barks 
used for tanning, as well as wood-extracts such as cutch, are 
used for dyeing, owing to the fact that tannic acid combined 
with salts of iron gives a black, grey, purple, or green colour, 
while many barks and woods in themselves contain colouring 
ingredients which can be extracted by decoction. Most of 
the colouring matter of bark is contained in the outer layers, 
and not in the inner living tissues as in the case of tannin. 
Most barks give a brown colour, and less commonly some 
shade of yellow. Brown dyes are produced from the bark 
of Terminalia tomentosa, Shorea rdbusta, Hardwickia binata, 
Acacia arabica, and others ; that of Acacia leucophlosa gives 
a black or red dye, that of Myrica Nagi a yellow dye, and 
those of Symplocos cratcegoides and S. racemosa a yellow or 
red dye. Several woods give beautiful dyes, notably Pterocarpus 
santcdinus, giving a salmon-pink dye known as “ santalin,” 
Ccesalpinia Sappan and Adenanthera pavonina a red dye, 
Berberis spp., Artocarpus integrifolia, and Plecospermum 
spinosum a yellow dye, and Cynometra ramiflora a purple dye. 
Hcemcitoxylon campechianum, the * * logwood ’ ’ of commerce, 
is a native of the West Indies, and has been introduced into 
India; the wood gives a valuable black, violet, or deep red 
dye. The order Rubiaceae produces several important dye 
plants, one of fhe best known being Rubia cordifolia , the 
madder or manjit plant, which gives a red, mauve, or brown 
dye: this plant is common in the Himalayas, and is largely 
exported. To the same order belongs Morinda tinctoria, 
of which the bark of the root is largely used for dyeing red 
and yellow. Among dye-plants which are not of forest 
importance the best known is Indigofera tinctoria , yielding 
the blue indigo dye. 

Many plants, although not yielding colouring matter, 
are used in dyeing in the form of mordants to fix the dyes 
from other plants. 


Section IV.— Oils and other Products oe 
Distillation. 

Mention has already been made (vide page 86) of the chief 
commercial products obtained by the distillation of wood; 
we are here concerned rather with certain oils and other 
substances which are locally manufactured in India. 
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There are several Indian trees from the wood of which 
oils and other substances are distilled: the chief of these are 
Santalum album, yielding the sandalwood-oil used in perfumery 
and medicine, Cedrus Deodara, from which is extracted 
deodar-oil, used for skin-diseases and rheumatism and also 
for smearing over the inflated skins used in crossing rivers, 
Pinus longifolia, from which cliir- tar is obtained by destructive 
distillation, Pinus excelsa, from the roots of which an 
oil is extracted in Kashmir and used to anoint the arms and 
legs to keep off water insects in the rice-fields, Tectona grandis, 
from the heartwood of which tar is obtained by a process 
similar to that by which cliir- tar is manufactured, and 
Aquillaria Agallocha, from which an attar is extracted. The 
manufacture of sandalwood-oil and chir-tar is described 
in detail in Part IV. The wood of Aquillaria Agallocha, 
a large tree found in the hills of Eastern Bengal, Assam, 
and Burma, contains masses of dark-coloured resinous 
fragrant wood, known as agar-wood (“ eaglewood ”), which are 
cut out and used as a burning incense by the Parsis and Arabs. 
This dark-coloured fragrant wood is not used for distillation, 
the light-coloured wood in which the fragrant masses are 
embedded, and known in Assam as dums, being used for this 
purpose; the oil, called agar-attar, is obtained by distilling chips 
of this wood with water, and is used as a perfume. 

Section V. —Starchy Products. 

Starchy products are obtained from the inner soft tissue 
of the stems of certain palms and cycads such as Caryota 
mens, Wallichia disticha, Phoenix acaulis, Borassus flabettifer, 
Corypha umbraculifera (the Talipot palm), Arenga saccharifera, 
Cycas Rwmphii, and C. pectinata. The soft starchy tissues are 
often cooked and eaten as they are, but the starch can easily 
be extracted by crushing the tissues and washing them well in 
water; the liquid is then passed through a sieve and the 
water allowed to evaporate, the starch remaining behind. 
The starchy tissues are sometimes dried and then ground to 
powder before being placed in the water. 

There are many plants in India whose tubers or comas 
contain large quantities of starch and are used as articles of 
diet, for example Dioscorea spp. (Yams), Pueraria tubcrosa, 
a leguminous climber with large tubers, Curcuma angusti folia, 
the East Indian arrowroot, several of the Aroidew (Amorpho- 
phallas, Colocasia, Nelumbium, Arum, etc.), and many other 
plants. 
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Section VI.— Drugs and Spices. 

There are so many drugs obtained from Indian plants 
tliat a complete enumeration of them would fill a large volume; 
a few examples must therefore suffice. Among medicinal 
barks may be mentioned those of Soymida febrifuga, 
used as a febrifuge and stimulant, Gaveyo arborea, an astrin¬ 
gent, Holarrhena antidysenterica, used in dysentery and as 
a tonic and febrifuge, Myrica Nagi, an aromatic stimulant, 
and Cinchona spp., which yield the well-known quinine and 
other similar alkaloids used for fever. The Cinchonas are not 
indigenous in India, having been introduced from South 
America in I860; they are, however, largely cultivated. 

The ‘ £ Cassia-bark ” of commerce, an aromatic medicinal 
bark, is obtained from Cinnamomum Tarn ala, while 
6. zeylanicum yields the cinnamon bark so largely used 
as a spice. An extract from the bark and wood of several 
species of Berberis is used as a tonic and febrifuge. 

The Aconites . Aconitum spp., chiefly A. jctox, order 
RanunculacecE, — are herbaceous plants found in the Alpine 
and sub-Alpine regions of the Himalayas; they yield impor¬ 
tant drugs and poisons. The Chireta,— Swertia Chirata, 
order Gentianacecc, —is a herbaceous plant of the Temperate 
Himalayas; the dried plant is used as a tonic and febrifuge. 
Podophyllum Emodi, a herbaceous plant with a perennial 
rhizome, growing at temperate elevations in the Himalayas 
and Kashmir, produces the valuable drug Podophyllin, a resin 
extracted from the rhizomes and roots. This drug was 
formerly obtained only from Podophyllum peltatum, an 
American species, but it has been found that the Indian species 
contains at least twice as much resin as the American plant, 
so that there appears every chance of a profitable market 
being established for the Indian drug in places where it can 
be collected and extracted cheaply. Ruth or Rust is the 
strongly-scented root of Saussurea Lappa, a tall herbaceous 
plant found in Kashmir, used as a stimulant and in skin 
diseases, also in perfumery, and to keep insects off clothes ; 
large quantities are collected and exported from Kashmir. 
The roots are dug up in September and October, cut into 
pieces a few inches long, and exported either without any 
further preparation or after being dried in the smoke of a fire 
of green twigs. 
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Section VII.— Miscellaneous Products. 

The barks of several trees are used to poison fish ; although 
poisons used for this purpose cannot be considered legitimate 
articles of minor produce, still the principal species from 
which such poisons are obtained should be known by the 
Forest officer. The barks employed are those of Ougeinia 
dalbergioides, Walsura piscidia, Mundulea suberosa, Flueggea 
microcarpa, Barringtonia (icutungulci, B&rbcris aristata, Myrica 
Nagi, Albizzia procera, and several others. 

The roots of Millettia pachycarpa and the chopped 
stems of certain species of Euphorbia are also used for the 
same purpose. The milky juice of Antiaris toxicaria gives 
a poison which is used to put on arrows to kill game. 

The bark of Acacia leucophloea is used to clarify the 
toddy of the palmyra palm through the precipitation, by 
means of its tannin, of the albumen in the palm juice ; that 
of Grewia asiatica is used for clarifying sugar. The 
bark of Betula utilis is employed as writing paper and 
for packing, umbrellas, roofing houses, and other purposes. 

Slow-matches, or fuses, are made from the barks of 
Careya arborea, Bauhinia racemosa, Cordia Myxa, Butea 
frondosa (root-bark), Ulmus Wallichiana, and other species. 


\ 
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CHAPTER III. 

UTILIZATION OF LEAVES. 

Leaves of trees and other plants are put to a great variety 
of uses; their various uses will be dealt with under the heads 
of (1) fodder, (2) litter and manure, (3) thatching, (4) tan¬ 
ning and dyeing, and (5) miscellaneous. 


Section I.— Leaves for Fodder. 

The custom of lopping trees for fodder is a common one 
in India, the best fodder leaves being those which are still 
young and tender. The practice is an extremely harmful 
one, as it not only damages the trees and produces a gnarled 
branch-system, but also deprives trees of nourishment, 
removes a considerable proportion of their assimilative organs, 
and robs the soil of what would eventually become manurial 
matter in the shape of dead leaves; moreover the timber 
of habitually lopped trees is liable to be misshapen and unsound. 
In spite of its bad effects, lopping has to be tolerated in many 
cases owing to the existence of rights to practise it; in such 
cases wherever the lopping is extensively and regularly done 
measures should be taken to regulate it in such a way that 
the least possible damage is done to the forest. The following 
are the principal measures which may be taken :— 

(1) The upper branches of the trees should be left 
intact for 5 to 10 feet, only the side branches 
being cut; these should be cut with a smooth 
clean section, and flush with the stem. (2) 
Lopping should not be allowed over the whole 
forest annually ; the forest should be divided into 
blocks which should be opened in a regular rotation 
of two or more years. (3) Lopping should be con¬ 
fined if possible to inferior species, the more valu¬ 
able trees being left intact; if this is done the lopping 
may in certain cases even be beneficial to the 
forest. (4) Lopping should not be carried out on 
ridges and exposed slopes, where as much leaf 
covering as possible should be maintained. (5) 
Advantage should be taken of fellings, cleanings, 
and thinnings, to obtain as much fodder as possible 
by lopping the branches of the newly-felled trees : 
coppice coupes in particular can in this way be 
made to supply a large amount of green fodder. 


The number of different species lopped for fodder in India is 
very great. the following are a few of the commoner species 
used: — 

Acacia arabica, A. modesta, Acer cultratum, Adina cordi- 
folia, Mgle Marmdos, JEsculus indica, Artocarpus 
LaJcoocha, Bauhinia spp., Betula utilis, Bridelia 
return, Butea frondosa (for buffaloes; not eaten by 
goats or camels). Cassia Fistula, Cedrela serrata, 
Dalbergia latifolia, Erythrina spp. (for buffaloes), 
Ficus spp. (many give good elephant fodder), 
FlacourtM' Ramontchi, Garuga pinnata, Grewia spp., 
Hardwickia binata, Iioloptelea ( Ulmus) integrifolia, 
Melia indica (chiefly for goats and camels), 
Millettia auriculata (chiefly for buffaloes), Moringa 
pterygosperma (chiefly for camels), Morus serrata, 
Odina Wodier, Olea ferruginea, Ougeinia dal- 
bergioides, Populus spp., Prunus Padus, Pterocarpus 
Marsupium, Pterospermum acerifolium, Putmnjiva 
Roxburghii, Quercus spp., Salix spp., Schleichera 
tri'juga, Shorea robusta (for buffaloes ; lopping now 
forbidden in Government forests), Spondias mangi- 
fera, Sterculia colorata, Streblus asper, Terminals 
belerica, T. tomentosa, Ulmus Wallichiana (planted 
near hill villages for fodder)* Zizyphus spp. 

Section II. — Leaves for Litter and Manure. 

The custom of lopping branches of trees for litter and 
manure is practised in various parts of India; the twigs and 
leaves are either dug or ploughed into the soil in a fresh state, 
or else blunt in order to enrich the soil with ashes. A large 
number of different species of trees, shrubs, and other plants 
are employed for furnishing manure, those with milky juice 
being often preferred for green manure. In the Himalayas 
conifers as well as broad-leaved species are lopped for litter 
and manure, but in Government forests the lopping of valu¬ 
able species is prohibited wherever, possible. In Bombay 
the lopping of branches is largely carried out for rah culti¬ 
vation, that is, the manuring of rice nurseries by burning on 
the surface of the soil a mixture of cowdung, leaves and 
branches of trees, straw, grass, and pulverised earth; this 
special form of rich manuring is carried' out owing to the 
absence of early rains and the occurrence of a short but 
heavy rainy season, circumstances which make it necessary to 
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sow the rice late and to force the plants as much as possible 
while the rain lasts. 

Where lopping has to be tolerated it should be regulated 
in the manner described in the last section. 

In some localities, particularly in the Himalayas, leaves 
are collected off the ground for litter, that is, bedding for 
cattle. The best litter is yielded by the needles of pines, 
which are fibrous and absorbent; the needles of other coni¬ 
fers, and the leaves of certain broad-leaved species, especi¬ 
ally oaks and rhododendron, are also used. The removal 
of dead leaves and needles is most injurious to the forest, 
as it deprives the soil of its natural manure: experiments 
in Europe have shown that where dead leaves are annually 
removed from the ground for several years in succession the 
loss of increment in the trees may amount to over 50 per 
cent, on poor soils, the loss being less marked on rich soils, 
and where the leaves are removed at intervals of a few years 
instead of every year. The practice of removing dead leaves 
is one which should be prohibited wherever possible, but 
where it has to be allowed it should be regulated in the 
following way : (1) it should not be allowed on poor soils, 
exposed ridges and slopes, or in open forest, but should be con¬ 
fined to rich soils where the leaf-canopy is more or less com¬ 
plete ; (2) it should not be allowed in the same place every 
year, but only in certain blocks opened in rotation; (3) it 
should be allowed only during the first half of the season of 
leaf-fall, so that part of the year’s leaf supply may remain 
on the ground ; (4) advantage should be taken of roads, paths, 
fire-lines, beds of streams, and similar places from which 
leaves may be removed without damage to the forest. 


Section III.—Leaves for Thatching. 

Leaves most largely used for thatching are those of 
several species of palm, for example Nipa fruticans, Pinanga 
gracilis, Licuala peltata, Livistonia Jenkinsiana, Borassus 
flabdlifer, Cocos nucifera, Wattichia spp., and others. Many 
other broad kinds of leaves are also employed, such as those 
of teak, Bauldnia VaUii, DUlenia pentagym, Pterospermum 
acerifolium, Bwtea frondosa, etc. These leaves are often 
used in conjunction with grass thatch: before use they should 
be pressed flat in bundles and partially dried. 
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Section IV.—Leaves for Tanning and Dyeing. 

Some leaves are rich in tannin, particularly those 'of 
Anogeissus latifolia, Rhus Cotinus, and Phyllanthus Em- 
hlica. The leaves should be collected when they are mature 
but before they change colour; they should be ‘quickly dried 
after collection and then ground into coarse powder for ex¬ 
port. Leaves which turn dark in drying are rich in tannin. 

Dyes are obtained from several kinds of leaves: thus 
the leaves of Termincdia Catappa give a black dye, those of 
Wrightia tinctoria a blue dye, those of Symplocos oratcegoides, 
S. racemosa, and S. spicata red. or yellow dyes, while those of 
the teak tree give a dye of a red, orange, or yellow shade, 
which can be seen on bruising young teak leaves or placing 
them in methylated spirits. The “henna” dye, used for 
dyeing the nails, skin, and beard, is obtained from the leaves 
of Lawsonia alba. 


Section V.—Miscellaneous uses of Leaves. 

Good cordage fibres are produced from the leaves of cer¬ 
tain palms, for example Amiga saccharifera and Caryota 
urens (the “ kitul ” fibre, obtained from the petioles of the 
leaves). The famous Manilla-hemp is the fibre obtained 
from the outer parts of the sheathing leaf-stalks of Musa 
textilis,' a plantain indigenous in the Phillipines and culti¬ 
vated in some parts of India. The leaves of Agave ameri¬ 
cium, introduced from America and largely cultivated as a 
hedge-plant in India, yield the aloe fibre. For mat-making 
and basket-making the leaves and leaf-stalks of various 
palms are used. Certain large leaves, such as those of teak, 
Baulnnia Vahlii, Butea frondosa, etc., are used for umbrellas, 
cups, and plates. 

The leaves of Melaleuca Leucadendron yield the Caju- 
put oil of commerce, used internally as a stimulant and ex¬ 
ternally as an embrocation. A gum-resin is obtained from 
the leaf-buds of some species of Gardenia. Many leaves 
are used in medicine. The leaves of Cassia angustijolia, 
introduced, from Arabia and cultivated in India, constitute 
the purgative drug senna. Those of Melia indica and a few 
others are us ( ed to keep insects off clothes. Certain rough 
leaves are used to polish wood, ivory, and horn, for exam¬ 
ple those of Streblus asper, Trema politoria, Ficus gibbosa, 
F. asperrima , F. Outiia, Ddima sarmentosa > DUlenia indica, 
and Nyctanthes Arbor-tristis. 
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CHAPTER IV. 

UTILIZATION OF FLOWERS, FRUITS, AND SEEDS. 

Flowers, fruits, and seeds yield some of the most important 
of Indian minor forest products: for convenience we may 
deal with these products under the heads of (1) edible flowers, 
fruits, and seeds, (2) oils and other extracts, (3) tans and 
dyes, (4) fibres, (5) miscellaneous uses of flowers, fruits, and 
seeds. 


Section I. — Edible Flowers, Fruits, and 
Seeds. 

We cannot here consider the various cultivated fruit 
trees, as their fruits can hardly be included as forest produce 
in the usual sense of the word. Among forest trees and 
shrubs there are many which yield edible fruits and are 
often of great value in times of famine, for example those of 
Dillenia pentagyna, Bassia lati folia, Berber is spp., Garcinia spp., 
Grewia spp., Citrus spp., Zizyplms Jujuba, Schleichera tri- 
juga, Spondias mangifera, Rubus spp., Prunus spp., Pyrus 
spp., Diospyros spp., Carissa Carandas, C. macrophyUa. Bac- 
caurea sapida. Moms alba, Ficus spp., Eugenia Jambolana, 
and many others. The seed of Dendrocalamus strictus is col¬ 
lected and eaten in time of famine ; the collection is effected 
by shaking the bamboos when the seed is ripe and collecting 
the seed on cloths spread on the ground; the seed is then 
winnowed by hand to remove that which contains no grain. 
The 'fruits of JEgle Marmdos are used for making conserve; 
those of Capparis horrida, Spondias mangifera, and Phyllan- 
tlms Emblica are pickled, while the fruits and flower-buds 
of Capparis apliylla are eaten, the flower-buds being usually 
pickled. The large fleshy peduncles of the fruit of Ilovenia 
dulcis are edible. 

Among edible seeds may be mentioned those of Pinus 
Gerardiana, which grows in the North-West Himalayas and 
Afghanistan; the seeds are largely brought into India for sale 
from Afghanistan. The seeds of Buchanania latifolia, Corylus 
Colurna, and Bauhinia Vahlii are also eaten. Anacardium 
orcidentale furnishes the well-known Cashew nuts ; this^ tree 
was originally introduced from America, but has established 
itself in some of the coast forests of India ; the kernels are 
separated from the fleshy peduncles to which they are attached, 
and are dried and roasted before use. 

Among edible flowers perhaps the most important are 
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those yielded by Bassia latifolici (the Malrna or Mhowra); 
the corollas of these flowers are eaten fresh or dried, ground, 
and mixed with flour for bread, or are distilled into Mdhwa 
spirit, an intoxicating liquor. The flowers are collected as 
they fall on clean spaces swept on the ground under the trees ; 
the collection takes place in the hot season. The flowers 
of Bassia longifolia are used in the same way in Southern 
India; those of Rhododendron arboreurn are made into jam. 
The flower-buds of Bauhinia variegata and Moringa ptery- 
gosperma are eaten as vegetables. 

Section— II. Flowers, Fruits, and Seeds yielding 
Oils and other Extracts. 

The flowers of many species are employed for the extrac¬ 
tion of perfumes, for example Canangium odoratum, Mesua 
ferrea, Michdia Champaca , Nyctanthes Arbor -tristis, Rosa spp., 
Jasminum spp., Acacia Farnesiana, and Clerodendron inerme. 
A scented oil is extracted from the flowers of Ochrocarpus 
longifolius : the flowers are collected before they are open, as 
they are of little use after they have fully opened. 

Many seeds of forest trees produce oils of economic 
importance. The oil expressed from the seeds of Schleicjiera 
trijuga is used locally for cooking and burning, and is said to 
constitute the basis of the Macassar oil of commerce. Oil 
extracted from the seeds of Bassia latifolia is used for cooking 
and burning by jungle tribes, and is sold for soap-making. 
Bassia butyracea is known as the “ Indian butter-tree ”: an oil 
known as plmlwa oil is obtained from the seeds by beating 
them to the consistence of cream and placing this in a cloth 
bag, on which a weight is laid until all the fat and oil is ex¬ 
pressed ; this oil is used as a substitute for and an adulterant 
of ghi. In the cold weather the oils of both these species of 
Bassia are solid. 

“Chaulmugra oil,” which is obtained from the seeds of 
Gynocardia odorata, is used for leprosy and skin diseases, and 
is also taken internally as a tonic. ' “ Kokam butter ” is an 
oil obtained from the seeds of Garcinia indica, aud is used 
for food and as a medicine. The seeds of Mimusops Flengi 
give an oil used in cooking, lighting, and in medicine. Those 
of Pongamia glabra give an oil used in medicine and also for 
lighting: it is a somewhat poor lighting oil,, and is therefore 
usally mixed with sesamum or other oil for the purpose. Jug- 
lans regia gives a good oil ftom the kernel of its fruits, A 
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bitter acrid oil is obtained from the seeds of M.elia indica 
by boiling or by pressure, and is used medicinally; it is some¬ 
times used for burning, but smokes disagreeably. The seeds 
of Givotia rottleriformis, a tree of Southern India, give an oil 
valuable for lubricating fine machinery. Wax is obtained 
from the seeds of Rhus succedanea, the lacquer-tree of Japan, 
which is found in the Himalayas : this wax is used for manu¬ 
facturing candles in Japan. Another well-known wax-pro* 
ducing tree is Sapiutn sebiferum, the Chinese tallow-tree, which 
is commonly planted in India; the seeds are coated with a 
white wax, which is separated by boiling in water, and is 
used in China and Japan for candles. 

“ Sal butter ” is an oil obtained from the cotyledons of 
the seeds of Shorea robusta. The seed is husked and boiled, 
the oil being then sk imm ed off the top of the water: it is solid 
and white in the cold weather, and is used for cooking and 
lighting. Cocoanut oil, which is obtained from the kernel 
of the°cocoanut-tree, is largely employed in the manufacture 
of soap and candles, as well as for many domestic purposes. 
The dried kernel, known as “copra,” from which the oil is 
extracted, forms an important article of trade. 

Section III.— Flo wees, Fruits, and Seeds yielding 

Tans and Dyes. 

Dyes are yielded by certain flowers, such as those of Punica 
Gramtum (Pomegranate), giving a light red dye, Nyctmthes 
Arbor-tristis, whose yellow corolla-tubes give an orange dye, 
ChicTcrassia tabidaris, giving a red and yellow dye, Michelia 
Champaca and Cedrda Toona, yellow dyes, Butea frondosci 
and B. superba, yellow and orange dyes, and Wrightia tine- 
toria, an indigo dye. The flower-buds of Ochrocarpus longi- 
folius give a" red dye, and are used for dyeing silk. The 
flowers of Woodfordia floribunda are used for tanning leather, 
and also furnish a red dye used in dyeing silk and leather. 

The “ Arnatto dye ” is obtained from the pulp surrounding 
the seeds of Bixa Orellana, originally introduced from America 
and now cultivated in India; this dye is largely used for 
colouring silks, giving beautiful shades of red and orange. The 
“ Kamela dye ” is obtained from the red glands on the surface 
of the fruits of MaUotus philippinensis, a small tree very 
common in most parts of India. The Kamela powder is 
obtained either in a dry state by shaking the capsules in a 
bag, or in a wet state by stirring them in water and collecting 
the sediment in the form of cakes; the dye is used chiefly for 


161 


dyeing silk a bright orange colour, but as the cost of collection 
is high this dye cannot compete with artificial dyes. From 
the capsules of Thespesia populnea a yellow dye resembling 
gamboge is obtained. 

The fruits of Zizyphus xylopyra are used to give a black 
dye to leather; those of Acacia arabicci and Diospyros 
Embryopteris are used for tanning, and also yield brown and 
black dyes, while those of Oroxylum indicum are used in 
tanning and as a mordant in dyeing. The rind of the fruit 
of Juglans regia is a tanning material. The pods of certain 
leguminous plants furnish good tanning material, for example 
Acacia arahica, Cccsalpinia digym, and C. Coriaria ; the 
last-named is commercially known as “ Divi-divi, ” and ;s a 
native of the West Indies, though cultivated in some parts 
of India. 

“Myrabolans” are the fruits of Terminalia Chebula 
and T. belerica, while those of Phyllanthus Emblica are 
sometimes called “emblic myrabolans.” These fruits are 
rich in tannin and are used for tanning and dyeing. The 
most important kind of myrabolan is that furnished by 
Terminalia Chebula , whose fruits should be collected just 
before they are ripe. The myrabolans of Terminalia belerica 
are of less value, and hardly repay the cost of collection and 
transport. 

Section IV. —Fibre-yielding Fruits. 

The most important fibre-producing fruit is that of 
the cotton-plant. Among forest trees and plants there are a 
few which produce silky fibres in their fruits; these fibres are 
commercially known as ‘ ‘ flosses ” or “ silk-cottons,’ ’ and 
although they are usually too short to spin they are largely 
used for stuffing pillows. Among the best known flosses 
are those produced within the capsules of Cochlospermum 
Gossypium, Bombax malabaricum, Eriodendron anfractuosum, 
and Calotropis gigantea. The well-known * ‘ Coir ’ ’ fibre, 
largely used for ropes, mats, and other purposes, is obtained 
from the thick fibrous rind of the cocoanut. 

Section V.— Miscellaneous Uses of Flowers, 
Fruits, and Seeds. 

Many fruits and seeds yield valuable! drugs. The seeds of 
Butea frondosa are used as a vermifuge for elephants and 
horses; those of Ccesal'pinia Bonducdlg (the v ‘fever-nut ’) 
*7711. G. F . 1 
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are pounded and used as a tonic and febrifuge. The 
pulp of the pods of Cassia Fistula is a strong purgative, 
while Tamarindus indica supplies a laxative medicine 
from the pulp of its pods. The pulp of the fruits of AEgle 
Marmelos is used for dysentery and as a laxative. The seeds 
of Strychnos Nux-Vomica, which yield the alkaloids 
strychnine and brucine, form an important article of trade. 
The fruit is a large orange-coloured berry containing a pulp 
in which the round, flat, silvery seeds are embedded; to be 
commercially valuable, the seeds should be washed out of 
the pulp, and not picked up off the ground, when they lose 
their silvery appearance and are dull coloured. 

‘ * Cardamoms ’ 5 form an important article of trade. These 
are the capsules of two species of plants belonging to the 
order Scitaminece, containing seeds which are used as an 
aromatic drug and as spice for flavouring purposes. The 
lesser or Malabar cardamom, which is the better kind, is 
furnished by Elettaria Cardamomum, a large perennial 
herb which sends up long flowering scapes, the fruit being 
ready for collection in October and November: this plant is 
found wild in the rich, moist forests of many parts of 
Southern India and Burma, and is also largely cultivated. 
The greater cardamom is yielded by Amomum subidatum , 
a native of Nepal: it is of less value than the lesser cardamom, 
and is employed as a cheap substitute for it. 

The flower-heads of the herbaceous plant Spilanthes 
Acmdla (order Composited), found throughout the greater 
part of India, are very acrid, and are used as a stimulant, 
and also as a fish poison. Among fruits and seeds some 
of the chief fish poisons are yielded by Sapium indicum 
(seeds), Randia dumetcrum (fruit), Gynocardia odorata (fruit 
pulp), Casearia graveolens and C. tomentosa (fruit), Mundalea 
suberosa (seeds), Diospyros montana (fruit), Barringtonia 
spp. (seeds), Hydnocarpus venenata, and H. Wightiana 
fruit). 

The fruits of Sapindus ema/rginatus (the ( ‘ soapnut 5 ’ 
fruit) are largely used as a substitute for soap; other soap- 
substitutes are the pods of Acacia concinna and A. Intsia , 
and the pulp of the fruit of Balanites Roxburghii. 

The fruit of Diospyros Embryopteris contains a viscid 
pulp used as gum in book-binding, and as a substitute for 
tar for paying the seams of boats. Semecarpus Anacardium 
i 3 known as the marking-nut tree because in its fruits is a 
corrosive juice which is used as marking ink. 
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CHAPTER V. 

EXUDED PRODUCTS. 

By exuded products we understand products which issae, 
usually in a liquid or semi-liquid state, from the natural 
or cut surfaces of stems or other parts of plants; these 
products, some of which are of great value, may he divided 
into (1) gums and resins, (2) caoutchouc and guttapercha, 
and (3) sugary sap. 


Section I.—Gums and Resins. 

1. General Account. 

Gum is a more or less viscous substance which exudes 
from cracks or wounds in the bark of many trees, shrubs, 
and climbers; gums are, botanically speaking, degradation 
pioducts of the cell-wall, and occur chiefly in the cortex. 
Gums are classified into various types according to their 
physical and chemical properties. Gum arabic., obtained 
chiefly from Acacia Senegal, is a valuable form of gum which 
is readily soluble in water, and can therefore be employed 
lor adhesive purposes. Gum tragacanth is insoluble in water, 
but has the property of absorbing large quantities of water 
and swelling up to a considerable bulk; it is not produced 
vy any Indian species, but an inferior substitute for traga- 

nbtnL?°r aS haSS T gU ™ (in India called Katira) is 
- <?, m s 7 evera specks, for example Cochlospermum 

Gossyynum, Sterculia spp., Bombax malabaricum, etc. 

• • UU1S are a *o e ty use d as mucilage, in calico printing, 
zmg paper, confectionery, medicine, and for other purposes, 
is o grea importance that the gum collected from differ¬ 
ent species should not be mixed, and that it should be free from 
bark, earth, and other impurities. As gums collected in India 
and exported to Europe frequently consist of several kinds 
mixed, and are often full of impurities, the value of Indian 
gums in the European market is not so high as it might become 
with more care in collection and preparation. The viscosity 
of gums is tested by noting the number of seconds required 
for 50 cubic centimetres of a solution of given strength (usually 
10 per cent.) to flow through a cylindrical tube with a narrow 
aperture of fixed calibre below, highly viscous solutions 
taking longer to pass through than those of low viscosity. 

Resins, like gums, are degradation products of the cell- 
walls, but also occur as derivatives of starch. Resin mav 
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occur either in the wood or in the cortex; in the latter case it 
is secreted in special resin ducts, and in the former it may occur 
either in resin ducts or in the vessels and other wood-tissues. 
Resins are insoluble in water, but are soluble in alcohol: 
they are inflammable, burning usually with a smoky flame, 
and are divided into three classes, (1) true resins, which may 
be hard or soft, (2) gum-resins, which contain a gum soluble 
in water, and (3) oleo-resins, containing an essential oil. 

The resins of pines and of the Dipterocarpece are collected 
by making incisions into the wood; other resins, as well as 
gums, are collected either from spontaneous exudations or 
from wounds in the bark. As the method of collection from 
the bark differs materially from the method of collection from 
the wood, we may deal with each separately. 


2. Collection from the Bark. 


(1) Methods of Collection. 

Collection from the bark may be carried out either from 
spontaneous exudations, as in the case of the gum of Anogeis- 
sus latifolia, Acacia arabica, A. modesta, and Sterculia spp., 
and the resin of Boswdlia serrata, ■ or from wounds in the 
bark, as in the case of the gum of Bauhinia retusa, the gum-kino 
of Pterocarpus Marsupium and Butea frondosa, and many other 
gums and resins. 

Spontaneous exudations take place particularly when the 
bark cracks with prolonged heat or as a result of unhealthiness; 
thus after a long dry hot season large quantities of gum are 
exuded, particularly from the more unhealthy trees, while 
after a forest fire these exudations are especially copious. 

Collection from wounds in the bark is carried out in two 
different ways; the first or common method is by making 
gashes through the bark, the details of the tapping depending 
on local custom, and the second by cutting thin slices off the 
surface of the bark. This latter method is employed only in 
the collection of gamboge, obtained as described below from 
Garcinia Morelia. 

(2) Chief Kinds of Gums and Resins. 

The following is a brief description of the principal kinds 
of gums and resins found in India : — 

Acacia arabica gives a gum, somewhat similar to gum arabic, 
which is largely collected and used in native medicine, dyeing 
and doth printing, The gum exudes naturally during the hot 
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weather, and is usually collected during February, March, and 
April. Old trees yield more gum than young trees, the amount 
varying from 1 lb. from trees 10—15 years old to 2 lbs. from 
trees 20—40 years old. The gum from young trees, however, 
is clearer, whiter, and more valuable than that obtained from 
old trees. 

Acacia Senegal yields the true “ gum arabic ” of commerce, 
largely used in calico printing, in medicine, for giving lustre 
to silk, and for many other purposes. The tree occurs in Sind, 
the Punjab, and Bajputana; it is also common in many parts 
of Africa. The gum collected in India is so often mixed with 
other gums that it is commercially less valuable than the 
African gum. 

Anogeissus latifolia produces a gum much used in calico' 
printing; it is inferior in strength to gum arabic for adhesive 
purposes. 

Bauhinia retusa yields the “ semla gum,” a clear gum resem¬ 
bling gum arabic, but not so useful, being only imperfectly 
soluble in water: in Europe its commercial value is low. The 
trees are usually tapped once in every four or five years, tap¬ 
ping being done twice a year, in March and April and again 
in September and October, the collection of the gum taking 
place in May and June and again in November and December ; 
by this means the monsoon and winter rains are avoided. 
Gashes about 4 inches apart are cut through the bark and just 
into the sapwood all over the trunk, and on branches of 6 inches 
girth and over ; the gashes are cut as much as possible horizon¬ 
tally, the cutting being done with a light axe with a blade 
about 2 inches broad. The average yield of gum per tree 
is about 10 lbs. 

Boswellia serrata yields a transparent gum-resin from 
wounds and cracks in the bark; this is used as medicine and 
is burnt as incense. 

Buchanania latifolia gives a gum which is too insoluble to 
have much commercial value. 

Butea frondosa yields a ruby-coloured gum obtained from 
gashes in the bark, and to some extent spontaneously; this 
gum, which is known as “ Bengal kino,” is soluble in water, 
and is used as an astringent in medicine. 

Cochlos'permum Gossypium yields a white gum, insoluble 
in water, which is used in native medicine and is also largely 
used by shoe-makers. It is sometimes sold as katira, though 
the true katira or gum-tragacanth is produced by species of 
Astragalus not found in India. 
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Dammar is a trade name given to a certain group of resins: 
the true dammar is obtained from Agathis loranthifolia, a conifer 
found in Borneo, Sumatra, and elsewhere. In India there are 
altogether six substances co mm ercially known as dammar— 
(1) Bloch dammar is a shining deep reddish-brown resin ob¬ 
tained from Ganarium strictum by making vertical cuts in the 
bark and setting fire to the bottom of the tree by lighting a pile 
of firewood round the base. The dammar begins to flow 2 years 
after burning and flows for about 10 years, between April and 
November: the resin is collected in January. This dammar 
is not of great commercial value; it is used in India for varnish, 
after dissolving in turpentine. (2) Sal dammar is a resin 
obtained by tapping the sal tree, Shorea robusta ; its supply is 
now limited owing to the stoppage of tapping in Government 
forests, where much damage was formerly done through tap¬ 
ping operations. (3) Rock dammar is a yellow or whitish resin 
obtained from Hopea odorata, and used for making copal 
varnish. (4) White dammar is a valuable resin obtained from 
Valeria indica , a large tree of the Western Peninsula; it is used 
for manufacturing varnish. (5) Green dammar is a dark-coloured 
resin obtained from Shorea Tumbuggaia and used in medicine. 
(6) Pwenyet dammar is a black resinous substance,. a combina¬ 
tion of various gums and resins collected by certain species of 
bees of the genus Melipona ( Trigona ) and moulded into a mass, 
usually in the hollow of trees. This resin, which is believed to 
be collected from Hopea odorata and various species of Diptero- 
carpus, is much used in Burma for caulking boats. 

Garcinia Morelia furnishes the “ gamboge ’ of commerce, 
a yellow gum-resin obtained from incisions in the bark, or 
by cutting a thin slice off the surface of the bark and allowing 
the gamboge to collect and harden on the exposed surface. 
It is used in Europe for water-colour paints, in India for 
caste-marks, and in Burma for dyeing silks a yellow colour. 

Mdanorrhcea usitata yields a black oleo-resin or natural 
varnish from cuts made in the stem and chief branches; this 
varnish is largely used in Burma, under the name of thitsi, 
for lacquer work, varnishing, caulking boats, and in medicine. 
Tapping is done by means of numerous V-shaped incisions 
made right up the tree ; in the apex of each V a small bamboo 
cup is stuck to receive the resin, which flows for a few days, 
when the cup is removed. 

Odina Wodder yields a brown clear brittle gum used in paper 
sizing, cloth printing, and in native medicine ; it is soluble in 
twice its weight of water. 
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Pter oca,r pus Marsupium yields the “gum-kino” of com¬ 
merce, a bright red astringent gum-resin containing about 
76 per cent, of tannic acid, and much used in medicine. The 
tapping is done by means of a series of Y-shaped incisions an 
inch wide in the bark, about 8 or more in all, one above the 
other and some 9 inches apart: these are connected by a 
vertical cut running through the apex of each V, and leading to 
a bamboo tube placed at the bottom to receive the juice. The 
gum begins to flow in liquid form as soon as the cuts are made, 
and continues flowing for about 12 hours. The liquid is then 
taken to a drying shed, strained, and poured into shallow 
trays to a depth of about of an inch; these trays are placed 
on shelves closed in with muslin to keep out dust. Drying 
takes 2 weeks in dry weather and 3 to 4 weeks in wet weather. 
The tapping should be done late in the afternoon and the 
tubes removed early next morning to prevent the gum drying 
on the tree or in the tube. Large trees give a smaller yield, 
but produce heavier gum than small trees: a tree 6 feet in 
girth yields about 3 lbs. of liquid gum or 1 lb. of dry gum. It 
is considered safe to tap trees on alternate sides once in 5 years. 

Sterculia villosa gives a clear white gum resembling that of 
Coclilospermum Gossypium, and, like it, is sold as ‘ ‘ katira ’ ’ 
and used in native medicine. 

Sty rax spp. The “gum-benzoin,” sometimes called “ gum- 
benjamin,” of commerce, a resin which is used as incense and 
in medicine, is obtained by incisions in the bark, from 
Sty rax Benzoin, a small tree of the Malay Archipelago: it is 
represented in India by Styrax serrulatum , which gives an 
inferior gum-benzoin. 

Among less important gums and resins which have local 
uses, may be mentioned those produced by Acacia Catechu 
and A. modesta (gum), Bombax malabaricum (gum), Canarium 
sikkimense (resin), Eriodendron anfractuosum (gum), Eugenia 
Jambolana (gum), Feronia Elepliantum (gum), Gardenia spp. 
(gum-resin), Lagerstrcemia parviflora (gum), Mangifera indica 
(gum), Melia indica (gum), Pentacme sauvis (resin), Shorea 
obtusa (resin), Soymida febrifuga (gum), Spatholobus Roxburghm 
(gum), Tamarix dioica (gum). 


3. Collection from the Wood. 

Two different classes of exudations are obtained from 
incisions made into the wood, namely, the wood-oil obtained 
from certain species of Dipterocarpus, and the resin obtained 
from pines: these will be described in turn. 
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(1) Wood-oil from Species of Dipterocarpus. 

These wood-oils are usually classed as oleo-resins, con¬ 
sisting as they do of a volatile oil holding in solution a resin. 
The two chief wood-oils are Gurjun-oil or Kanyin-oil, obtained 
from Dipterocarpus turbinatus and D. alatus, and In-oil, 
from D. tuberculatus; the former is produced in larger quan¬ 
tity and is better known than the latter. Gurjun-oil is used 
for mixing with rotten wood to make torches, as a preserva¬ 
tive of wood and bamboo-work, for the manufacture of paint 
and varnish, and in medicine. The uses of In-oil, which is a 
thicker substance than Gurjun-oil, are more local; in Burma 
it is used for making torches and for waterproofing bamboo 
baskets. 

In tapping for Gurjun-oil a semi-circular hole is cut from 
3 to 5 feet from the ground, the width of the cut being about 
1 foot 6 inches to 2 feet, and the height from 1 foot to 1 foot 
6 inches: this cut slopes downwards into the tree, being 
hollowed out to a depth of about a foot in order to hold the 
wood-oil which exudes. This hollow is filled with dry leaves 
and grass, which are set alight and kept burning for about a 
quarter of an hour, after which the fire is extinguished, and 
the oil commences to exude. The oil is collected every 3 or 
4 days, fresh fire being applied, sometimes each time the oil is 
collected and sometimes at intervals of about 10 days: the 
upper surface of the hollow is also re-chipped 3 or 4 
times during the season, which lasts from November to May. 
The yield of oil is about 15 to 20 lbs. per tree per season; trees 
growing in dense shade, however, yield less oil than those 
exposed to full sunlight. The tapping of trees in this manner 
damages them considerably, especially when, as in the case 
of large trees, 3 or 4 separate holes are cut in the same 
tree. 

The collection of In-oil is carried out in a similar manner, 
except that the hole has to be re-chipped oftener owing to the 
thicker consistency of the oil as compared with Gurjun-oil. 
As Dipterocarpus tuberculatus yields a useful timber the tree is 
not tapped in localities where forest-conservancy has been 
introduced. 

(2) the Tapping of Pine-trees for Resin. 

The crude resin which is obtained by tapping various 
species of pine yields by distillation two important commercial 
products, oil of turpentine and colophony or rosin. The two 
principal resin-producing countries at present are France and 
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the United States of America. In India systematic tapping 
of Pinus longifolia has been carried on for several years in the 
Himalayas; this species does not produce the best quality of 
resin, the turpentine being inferior to that of several other 
pines for making varnish owing to the difficulty with which it 
dries, but as the tree is plentiful and accessible the tapping 
of it is highly remunerative, while the existing demand for 
the turpentine for medical purposes testifies to its purity. The 
Indian pines which produce the best quality of resin are Pinus 
Khasya, found in Assam and Burma, and P. Merkusii, 
occurring to a limited extent in Burma: these two pines are 
for the most part situated in remote places, so that the cost 
of transport has hitherto largely prohibited their remuner¬ 
ative tapping. Pinus excelsa produces resin less freely than 
P. longifolia, but the turpentine and colophony obtained from 
it are of rather better quality. 

Kesin-tapping is carried out in various ways, but the 
method found most satisfactory in the Himalayan forests is 
based on the French system, and will be described somewhat 
in detail. It may be mentioned first that the native method 
of tapping resembles that, just described, of tapping the 
Dipterocar'pece for wood-oil, except that in the case of pine¬ 
tapping fire is not employed; the resin flows into a basin-like 
cavity cut into the heartwood, and is periodically scooped out. 
That this method is faulty will be readily understood from the 
fact that the resin of pine-trees flows almost entirely from the 
outer layers of the sapwood, to a depth of rarely more than 
| of an inch, so that there is no reason for tapping deeper than 

1 inch from the cambium. 

The method of tapping Pinus longifolia trees in the Jaimsar 
Divison, United Provinces, is as follows:— Trees not less than 

2 feet in diameter are tapped for 3 years in succession, an 
interval of at least 7 years being allowed before the trees 
are re-tapped. The outer bark is first removed with an axe 
for a space of about 2 feet wide and extending for 3 or 4 feet up 
the tree ; this facilitates the cutting of the blaze and prevents 
pieces of bark from falling into the resin-cups. An incision 
is then made with an adze (plate XII, fig. 6) near the base of 
the tree, about 1 foot long, 4 inches wide, and 1 to I| inches 
deep, the greatest depth being near the bottom of the blaze 

(plate XII, figs. 3 and 4). ...... 

A curved cut inches long is then made just below the 
blaze for the purpose of admitting a strip of zinc 5 inches 
long by 1| to 2 inches wide, which slopes slightly downwards 
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and acts as a lip to guide the flow of resin into a cup attached 
beneath; this curved cut is made by means of a gouge-chisel 
with a blade inches long (plate XII, fig. 7). 

An unglazed earthenware cup like a flowerpot, holding 
about a pint of resin, is then fixed under the Up, either by means 
of a piece of string passed round the cup, or merely by a nail 
hammered in below it, the cup being pressed up against the 
lip to keep it in position. The resin flows down the blaze and 
is collected in the cup, which is emptied about once in 8 
days; the cups are covered with pieces of bark to keep 
impurities from falling into them. The blaze is freshened once 
in about 8 days by paring off with the adze a thin shaving 
of wood 4 or 5 inches long from the upper part of the blaze, so 
as to re-open the resin-ducts : in this way the blaze becomes 
from 2 to 2\ feet long by the end of the first season. At the 
beginning of the second season the cup and lip are moved to 
the top of the blaze and the blaze is extended upwards (vide 
plate XII, fig. 5); the same procedure is followed for a third 
season, so that the total length of the blaze by the end of the 
third season is usually well over 6 feet. In large trees 2 
or even 3 blazes are cut. 

In the Naini Tal Division of the United Provinces the 
trees are tapped for 5 consecutive years with intervals of 10 
years between each tapping: in this case the blazes may reach 
a height of 12 feet or more by the end of the fifth season. The 
blazes are refreshed about once in 2 or 3 weeks. 

In the Kangra Division of the Punjab the initial blazes 
are made only 3 inches high, these becoming 2 feet 6 inches 
long by the end of the first season. The blaze is elongated 
about 1 inch weekly from March till the beginning of the 
rains, £/of an inch during the rains, and again 1 inch from the 
end of the rains till the end of October, when the season closes. 
The cups, which are 8 inches deep and 4 inches in diameter, 
are suspended by wires looped over nails driven into the tree 
on a level with the lip. 

Resin flows most freely during the hot weather, the 
quantity exuded being much less during the rains: in the 
Himalayas the resin-tapping season usually lasts from March till 
the end of October. Although excessive tapping is injurious 
to the tree, and may even kill it, the quality of the timber, 
so far as our present knowledge goes, does not suffer. In 
France it is sometimes the custom to kill by excessive tapping 
such trees as are to come under the axe in a short time ; the 
effect of this is to cause the trees to produce a large quantity 
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of seed before they die, thus promoting good natural 
reproduction. There can be no doubt that resin-tapping 
has its disadvantages: the chief of these are the loss of timber 
in the lower part of the tree owing to the presence of wounds 
caused by the tapping, and the danger from fire, as a tapped 
tree has its resinous wood exposed to the flames and 
suffers greatly. Hence systematic resin-tapping should never be 
introduced until fire-protection is assured. As regards the loss of 
timber, if tapping is carried out only for a few years imme¬ 
diately before the tree comes under the axe the loss is almost 
negligible; in remote places, however, where the timber cannot 
be sold, there is no objection to periodic tapping for many 
years before the tree reaches its maximum size. Thus the 
extent to which resin-tapping should be carried out will depend 
largely on local conditions With moderate tapping an average 
tree ( Pinus longifolia ) may be expected to yield from 5 to 12 lbs. 
of crude resin per annum. 


Section II.—-Caoutchouc and Guttapeecha. 

1. General Account. 

^Under this head are included two valuable commercial pro¬ 
ducts, caoutchouc (indiarubber) and guttapercha. Caoutchouc 
is a substance found in the milky latex of a large number of 
plants belonging chiefly to the orders Ewphorbiacece, Urticacece, 
Apocynacecc, and Asclepiadacece; the latex is foimd in the 
cortex, and extends into the leaves, roots, fruits, and other 
parts, but is not yielded by the wood. This latex consists of a 
watery medium in which are suspended not only caoutchouc 
but also particles of resin and other substances, while the 
liquid medium contains various salts, phosphates, and in some 
latices tannin. The latex after collection turns darker in 
colour and coagulates after a time which varies in different 
species. Various measures are adopted in the case of different 
latices to facilitate coagulation and separate the caoutchouc 
from the other constituents of the latex; the chief of 
these measures are washing and kneading, boiling, separation 
by a centrifugal machine, or treatment with various chemi¬ 
cals such as acids, of which acetic is the best, alum, mercuric 
chloride (corrosive sublimate), creosote, etc. 

Chemically speaking caoutchouc'is a hydro-carbon, that 
is, a compoundjconsisting essentially of hydrogen and carbon: 
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it is an elastic substance, impervious to water but not to 
gases, insoluble in alcohol, acids, and alkalies, and soluble in 
benzol, naphtha, bisulphide of carbon, chloroform, oil of 
turpentine, and some other oils. The substance known as 
vulcanite is a combination of caoutchouc and sulphur. 

Many different rubber-producing plants are indigenous in 
India, by far the most important being Ficus elastica, an 
account of which is given below. Of recent years various 
climbers belonging to the order Apocynacece have received 
attention, particularly in Burma; the chief of these are Para- 
meria glandulifera, Urceola esculenta (syn. Cliavannesici 
esculenta), Rhynchodia Wallichii, and Chonemorpha macro- 
phylla, but although these are reported to yield good rubber 
their commercial success is not yet assured owing to the 
difficulty and cost of collection. 

Of exotic trees which have been introduced into India 
there are three which deserve special mention; these are 
(1) Hevea braziliensis (Para rubber), order Euphorbiacece, a 
native of Brazil; this tree produces the best quality of rubber, 
but requires a moist, warm climate, (2) Castilloa elastica, 
order TJrticacece, a native of Central America; it requires a 
climate neither too moist nor too dry, and is suitable for the 
coffee zone, (3) Manihot Glaziovii (Ceara rubber), order 
Euphorbiacece, which regenerates freely from seed and grows 
in a variety of climates, being well adapted for the plains ; 
the yield of rubber in India, however, is poor. 

Many other exotic species have been tried and are still 
under trial, but whether they will be a commercial success 
or not is a matter which only the future can decide. 

India-rubber is an article which is employed for a large 
number of purposes, and since the development of the motor¬ 
car industry the demand for rubber for tyres has been in 
excess of the supply, with the result that good rubber com¬ 
mands a high price in the market. 

Guttapercha differs from caoutchouc physically rather 
than chemically; it is a soft plastic substance when heated 
but when cooled down is hard. When exposed to the air it 
is liable to oxidize and become brittle on the surface, but 
under water it is extremely durable, and as it is one of the 
best insulating substances known it is largely employed in 
the manufacture of submarine cables. Gutta-percha is ob¬ 
tained from various species of the order Sapotacece, the chief 
of which is Palaquium Gutta (syn. Isonandra Gutta or Dichop- 
sis Gutta), a tree of the Malay Peninsula. 
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2. Caoutchouc from Ficus elastica. 

Ficus dastica is a large evergreen tree found wild in the 
moist forests of the outer Eastern Himalayas, in Assam, and 
in Upper Burma; it flourishes best where the atmosphere 
is excessively humid. In Assam large plantations of Ficus 
elastica have been formed, and much experience has been 
gained regarding the best methods of propagating and tap¬ 
ping the tree. In its natural state it usually starts as an 
epiphyte, the seedlings growing in the forks of other trees, 
and subsequently sends down aerial roots which reach the 
ground. The tree may be artificially reproduced by seed, 
by layers, or by cuttings. - The spacing of trees in plantations 
should not be less than 25' X 25': this is by many considered 
too close, and triangular planting 35' X 35' and even wider 
spacing is sometimes adopted. 

Tapping may still be said to be in an experimental stage. 
The following is the method adopted after several years’ 
experience in the Charduar and Khulsi rubber plantations 
in Assam. 

The trees are cleared of creepers and rubbish and all 
under-growth is cut down under them; bamboo mats are 
then laid down under the trees to collect any latex which 
falls, the mats being well, dried before use, as green bamboo 
mats discolour the rubber. The tapper then ascends the 
tree and begins tapping from the highest branch, no branch 
less than 2 feet in girth being tapped ; the cuts are made with 
a V-shaped gouge driven with the aid of a small wooden 
mallet, care being taken to make the cut just deep enough to 
reach the cambium but not to injure the wood. This gouge 
makes cuts 1 £ inches broad on the outside: the cuts are 
made horizontally 15 inches apart (the length of the gouge) 
on alternate sides of the branches and stem, extending more 
than half and less than two-thirds round. The latex flows 
for 2 or 3 minutes after tapping, some falling on the mats 
and some coagulating in the cuts; the mats are then removed 
to the next tree and used over and over again until thickly 
coated with rubber. Impurities such as bark, leaves, etc., 
should never be allowed to remain on the mats, but should 
be shaken off when the mats are removed from each tree. 
The rubber is pulled off the cuts usually on the third day 
after tapping: this rubber, together with the mat rubber, 
is taken to a godown, impurities are removed by hand, and 
the rubber is dried on shelves or hung over ropes, being put 
put in the morning sun for a quarter of an hour daily. When 
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dry the rubber is pressed by a w screw-press into 18-inch cubes, 
each weighing 1 cwt.: after 24 hours these cubes are packed 
in cotton cloth, from which all starch has been washed, and 
sewn into double gunny bags, when it is ready for the market. 

In the Assam plantations tapping starts in the middle 
of October and continues till the end of March. The greatest 
yield is obtained from the middle of November to the middle 
of January, that is, in the season of least growth; most 
latex flows in the early morning, the flow being less copious 
in the heat of the day and smallest in the evening. Rain is 
fatal to tapping, as the latex is washed away. The minimum 
age at which trees may be tapped and the safest interval have 
not yet been definitely ascertained; it may be said generally 
that trees should not be tapped younger than 12 to 14 years, 
and that an interval of at least 2 years should be allowed 
between successive tappings. The yield of rubber per tree 
varies greatly: in the Charduar plantation the maximum 
yield obtained from a single tree in 1905-1906 was nearly 8 
lbs., but the yield from the Assam plantations is as yet small. 
A fair average yield, under proper working, for trees 50 years 
old may be taken to be 10 lbs.: a much larger yield is obtain¬ 
able under the wasteful system, carried out by jungle tribes, 
of tapping the ground roots as well as the stems and branches, 
which has resulted in the extermination of the rubber trees 
in many remote tracts. The cost of preparing the ground and 
stocking one acre with rubber plants varies with local con¬ 
ditions, but should not be more than Rs. 40 to Rs. 50. The 
cost of collection and preparation of the rubber, including 
all charges, is in the Assam plantations from 4| annas to 7 
annas per lb. 

Section III. —Sugary Sap. 

Sugary sap is yielded by various species of palms, the 
chief of which are Cocos nucifera (the cocoanut-palm), 
Borassus flahellifer (the palmyra or toddy-palm), Caryota 
urens (the sago-palm), Arenga saccharifem, Nipa fruticans, and 
Phoenix sylvestris (the wild date-palm). 

In all but the last of these the sap is obtained from the 
cut stalk of the inflorescence (spadix) before the flowers open, 
an earthen vessel being tied to the cut end of the stalk to re¬ 
ceive the sap, which is emptied out as a rule twice a day. 
A thin slice is pared off'the cut end of the stalk from time to 
time to renew the wound and cause a further flow of sap. 

In the case of the cocoanut-palm and the sago-palm the 
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spadix is first prepared for several days by beating, crusting, 
and cutting in order to induce the sap to flow, after which 
preliminary treatment the vessel is tied to the stalk; further 
twisting and crushing of the stalk is carried out at intervals 
throughout the season in the case of the sago-palm. 

The sap of Phoenix sylvestris is obtained by cutting a 
notch in the soft wood at the base of the lowest living leaves, 
and a vessel is tied to the tree to catch the juice. The wound 
is renewed from time to time by paring off a thin slice, so 
that by the end of the season there is a large notch in the tree. 
In the following year the notch is cut on the opposite side; 
thus the tree in time gets a curious zig-zag appearance. The 
tapping season commences in October and ends in March. 

The sap obtained from these palms is used for drinking, 
either fresh or after being fermented into an intoxicating 
liquor; vinegar is also made from the fermented sap, while 
the juice is largely employed for boiling down into raw sugar 
known as jaggery or gur, which is further refined into sugar. 
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CHAPTER VI. 



ANIMAL PRODUCTS, INCLUDING HUNTING, FISHING, 
AND ELEPHANT-CATCHING. 

The most important animal products with which Forestry 
is directly or indirectly concerned in India are (1) lac, (2) 
silk, (3) honey and wax, (4) hides, horns, bones, and ivory, 
and (5) certain miscellaneous products. Under the head 
of animal products may also be included hunting, fishing, 
and elephant-catching. 

Section I.— Lac. 

1. General Account. 

Lac is a resinous incrustation on the twigs of various trees 
produced by a minute Hemipterous insect called Tachardia 
Lacca (syn. Coccus Lacca) of the family Coccidce. This resin¬ 
ous substance contains a crimson dye known as lac dye, 
which was formerly of great value, but has been almost en¬ 
tirely driven out of the market since the introduction of 
aniline dyes. The resinous substance known commercially 
as shellac is, however, of great commercial value, being 
used in the manufacture of varnishes, cements, sealing wax, 
lacquer work, lithographic ink, gramophone records, and 
many other purposes. 

The lac insect feeds on the juicy twigs of various species 
of trees. The best lac is produced on Schleichem trijuga, but 
there are many other good lac-producing trees, notably Butea 
frondosa, Zizyphus Jujuba, Shorea Talura, Ficus spp., 
Acacia arabica, and many others. 

The lac insect has many enemies. Ants destroy the 
insects by biting off their posterior filaments for the purpose 
of obtaining the sweet excretions of the insects; the cater¬ 
pillars of certain moths eat the lac larvae, while monkeys and 
birds also damage the lac. Heavy rain is very destructive, 
particularly at swarming times, when large numbers of larvae 
are washed away ; jungle fires also do great damage. 


2. Life History of the Lac Insect. 

The minute larvae of the lac insect generally swarm at 
two seasons of the year, about the first week in July and 
again in the first week in December or later, the swarming 
being earlier in some localities; the swarming continues at 
intervals for about a month, during which time the twigs 


177 


become reddish in colour with the large numbers of minute 
larvae with which they are covered. The females, which have 
hatched out these larvae within the resinous mass, die as soon 
as the larvae have hatched. On swar min g out the larvae 
quickly spread over the twigs and feed on them by sucking 
out the juice, meanwhile covering themselves with a resinous 
incrustation; when the males become mature they in turn 
swarm out and impregnate the females, which remain in 
cells within the resinous mass and bring forth the next brood 
of larvae, the same process being repeated cycle after cycle. 
The males die after impregnating the females. The swarm¬ 
ing of the perfect males takes place about 2\ months after 
the swarming of the larvae, 'that is, about the middle of Sep¬ 
tember and again from the middle to the end of February: 
the males of the first brood are wingless and those of the 
second brood have one pair of long transparent wings. In 
some localities there are three broods in the year, and this 
has led to the supposition that there may possibly be more 
than one species of lac insect. 

3. Propagation of Lac. 

To propagate lac pieces of brood-lac about 6 to 12 inches 
long are tied up in the upper parts of the trees, surrounded 
with straw to protect them from the weather; this brood- 
lac, or seed-lac as it is sometimes called, is merely lac from 
which the larvae have not yet swarmed. This brood-lac 
should not be cut off the parent tree until it is nearly time 
for the larvae to swarm, otherwise the loss of sap from the 
twig will result in the death of the female, and no larvae will 
be produced. Care should be taken not to tie the brood-lac 
tightly round with string, as this is apt to destroy many 
larvae. The twigs of the tree to which the brood-lac is trans¬ 
ferred should not be harder than those of the parent tree, 
otherwise the larvae may not have strength to feed on their 
new host. Lac can best be grown on pollarded trees, as 
these produce more juicy twigs. When lac is once estab¬ 
lished on a tree all that is necessary to maintain a permanent 
supply is to leave a few branches with lac on them at the 
time the cutting of lac-covered branches for the market is 
carried out. 

4. Collection of Lap. 

If the desire is to preserve the lac dye, which is contained 
in the larvae, the lac should be collected before the larvae 
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swarm out, that is, normally in May and June and in October 
and November. As lac dye now bas little value there seems 
to be no reason why the lac should not be collected for the 
market after the larvae swarm, as this would facilitate the 
spread of the lac naturally and would also make the process 
of preparing shellac easier. The habit, however, of collecting 
the lac while the larvae are still in it is generally adhered to. 
The principal reason for this is that the time during which the 
lac while on the tree has to be guarded day and night from 
theft is shortened. The lac is collected by cutting off the 
twigs which are encrusted with the lac; in this unprepared 
condition it is termed stick-lac. 

5. Preparation of Lac Dye. 

The stick-lac on being brought in from the forest is broken 
into short pieces and crushed to loosen the lac from the 
pieces of twigs, the lac being then separated from the wood, 
bark, and other useless material; in this state the lac is com¬ 
mercially called seed-lac, though, as already stated, this 
term is also used for brood-lac. This lac is placed in water 
in a stone trough or tub for 24 hours, after which it is pressed 
and ground against the rough surface of the trough by a 
twisting motion of the feet of a person standing in the trough; 
this washes out the dye from the lac, the water becoming 
dark crimson in colour. By means of two or three changes 
of water all the dye is thus extracted from the lac; the 
liquid is strained and the dye is allowed to settle, precipitation 
being aided by the addition of lime or alum.. The water is 
then drawn off and the sediment is pressed into cakes and 
dried. 

6. Preparation of Shellac. 

The lac, from which the dye has been extracted, is packed 
in long narrow cloth bags which are then held in front of 
charcoal or coke fires specially constructed to throw the heat 
out in front; one man holds one end of the bag and another 
the other end, each twisting in opposite directions, with the 
result that the lac, which is melted with the heat, drips through 
the cloth on to plantain stems or polished tiles placed below. 
The next part of the process is to stretch the shellac into 
fine sheets like paper. This is done by squeezing the molten 
lac out along a plantain stem or a porcelain tube filled with 
hot water; this sheet of lac is then trimmed at each end, 
held fairly near the fire and stretched to fully double the 
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size, after which it is laid on a mat and carried further and 
further away from the fire to allow it to cool slowly. These 
thin sheets of lac are known as shellac; defective parts are 
broken out of them, and all the fragments of shellac are sorted 
into different qualities for the market. Only the finer quali¬ 
ties of seed-lac are made into shellac. Button-lac is produced 
by allowing the lac squeezed from the melting-bag to fall on 
a smooth surface into circular pieces about an inch and a 
half in diameter. 

For certain classes of shellac it is necessary to mix the lac, 
before it is put into the melting-bag, with orpiment (yellow 
arsenic) or rosin, or both; the former makes the shellac 
opaque and gives it a pale yellow colour characteristic of some 
of the better qualities of shellac, while the latter, which should 
not exceed 2 to 5 per cent., serves to lower the melting-point of 
the shellac, a property required in certain industries. Rosin 
being cheaper than lac, care is necessary to guard against 
the mixture of an excess of rosin in the shellac. No 
admixture of rosin or arsenic is required for the preparation of 
button-lac. 

Section II.— Silk. 

Silk is the fibrous substance obtained from the cocoons 
of various moths, the larvae of which are popularly known 
as silkworms : to obtain the silk the cocoons are placed in hot 
water and the threads of silk are reeled off. Commercially 
spea nig silkworms are divided into two great divisions, 
the domesticated or mulberry-feeding and the wild or 
non-mulberry-feeding silkworms: this distinction, though 
convenient, is not strictly correct, as many of the so-called 
wild silkworms have been domesticated, while some may feed 
on mulberry leaves. 

The domesticated silkworms include various kinds of 
Bombyx, by some regarded as mere varieties of one species, 
Bonibyx Mori ; these are, however, commonly designated by 
separate specific names. These silkworms comprise the 
domesticated Bombyces which are reared in Bengal, Assam, 
the United Provinces, the Punjab, Kashmir, Burma, and 
elsewhere, as well as in China, Japan, and Southern Europe. 
They are fed on mulberry leaves, the trees being grown as 
pollards or coppice : in India there are two principal species 
of mulberry grown for this purpose, Moms alba in the Punjab 
and Kashmir, and M. indica in Bengal, Assam, Burma, the 
United Provinces, and parts of the Punjab. 
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The wild silkworms, which are often partly domesticated, 
belong to several genera, Actias, Anthercea, Attacus, Cricula , 
and a few others: some of these silkworms are reared in 
Bombay, Madras, and other parts of India where the mulberry¬ 
feeding kinds cannot be reared. The best known of the wild 
silkworms are the Tasar (Anthercea Paphia), the Muga 
(. Anthercea Assama ), and the Eri (Attacus Ricini). The 
original home of the Tasar silkworm is believed to be the 
northern part of the Peninsula, comprising part of the Central 
Provinces and the south of Bengal; it extends occasionally 
to the foot of the Himalayas and into Assam and Madras. 
It is essentially a forest insect, feeding on the leaves of a 
large variety of trees, among which are Bombax malabaricum , 
Eugenia Jambolana, Ficus spp., Shorea robusta, Terminalia 
spp., and others. The Muga silkworm is a native of Eastern 
Bengal and Assam, extending into the north of Burma; its 
chief foods are Machilus odoratissima, Litsoea spp., and a few 
others. The Eri silkworm is met with chiefly in Assam, where 
its principal food is the castor-oil plant, Ricinus communis. 

Section III.— Honey and Wax. 

Honey and wax, produced by many different species of 
bees, form an extensive item of minor produce in several 
parts off India, particularly where large trees and rocks 
abound, where the bees can find suitable places for building 
their hives. Two of the. commonest honey-bees in India are 
Apis dorsata and A. indica. The former, which builds large 
combs, is found all over India and Burma, but does not 
extend high into the hills ; its domestication has been attempted, 
but without success. Apis indica is a smaller bee, more 
nearly allied to the European honey-bee (A. mdlifica) ; this 
bee, which is also found throughout India and Burma, 
builds small combs, which in the plains do not yield much 
honey, but in the hills, where the bee has been domesticated 
and is artificially reared, considerable supplies of honey are 
obtained. Some of the small dammar-bees (Melipona spp.),, 
chiefly characteristic of Burma, in addition to producing the 
dark resinous substance known as “dammar,” also furnish 
a good quality of honey. 

There are various ways of collecting the honey, the com¬ 
monest, in the case of dangerous bees, being for the collector 
to cover himself with a blanket and ascend the tree, driving 
the bees out with a lighted torch and then collecting the 
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combs in a basket and lowering them down to the ground 
by a long rope: this is often done at night for greater safety. 
In the case of the less dangerous bees such precautions are 
not necessary, the bees being driven off merely by shaking 
the branch on which they have built their comb. Among 
some jungle tribes the honey collectors are said to smear 
their bodies with a substance which renders them immune 
from the attacks of the bees. Two crops of honey are often 
taken from the large bees (Apis dorsata), the first at the 
beginning of the rains and the second soon after their close ; 
the first crop is said to produce a better quality of honey 
than the second. As much as 60 to 80 lbs. of honey are 
obtained from some of the large combs. 

The honey is separated from the wax either by shaving off 
the outer layers of the comb and letting the honey drip out of 
its own accord through a sieve or a piece of muslin, or else 
by squeezing out the honey through a cloth. Where bees 
are artificially reared the honey may be extracted by a 
centrifugal machine which leaves the empty comb intact : 
the comb is then replaced in the hive to be re-filled, the same 
comb often serving over and over again for a long time. 
The common method of obtaining the wax in India is to 
place the comb, from which the honey has been extracted, 
in boiling water; the wax then melts and floats to the sur¬ 
face, from which it is skimmed. Wax is used for making 
candles, polishing wooden floors, in the manufacture of seal¬ 
ing wax, and for many other purposes. 

Section IV.— Hides, Horns, Bones, and Ivory. 

There is a large trade in hides in India, which has in¬ 
creased with the development of the tanning industry in 
different parts of the country. The trade in hides is chiefly 
in the hands of Mahomedans, as Hindus refuse to deal in 
them owing to religious scruples. The actual collection of 
skins is carried out by chamars, one of the lowest classes, 
who go about skinning the carcases of the numerous animals 
which die in the rural and, grazing districts. These 
chamars are often professional cattle-poisoners, and therefore 
care is necessary, in leasing out any forest-grazing area to the 
collection of hides, to see that poisoning is strictly prevented^ 

The trade in horns is principally an export one, the chief 
uses of horn being for the manufacture of combs, buttons, 
drinking cups, and other minor articles. True horn is formed 
by the modification of the superficial layers of the skin, and is 


found as a covering to processes of bone in the case of the horns 
of cattle, goats, sheep, antelopes, and similar a nim als. The 
nasal horn of the rhinoceros consists of pure horn without any 
bony process. The antlers of deer consist of bone, and 
have no true horny matter; these are normally shed every 
year, and may be collected off the ground, there being a trade 
in them for the manufacture of the handles of knives, sticks, 
and umbrellas, and for various small fancy articles. If the 
collection of horns or antlers is permitted care is necessary to 
prevent the killing of animals for the purpose of obtaining 
them. 

The trade in ivory, obtained from the tusks of elephants, is 
small in India, the bulk of the world’s supply of ivory being 
collected in Africa, where the excessive slaughter of elephants 
in past years has consideredly reduced their numbers. 

There is a large export trade in bones, which are collected 
in many parts of India and shipped to Europe, chiefly in the 
form of bone meal for manure. Bone is also used for the 
manufacture of knife-handles, buttons, and other small articles. 

Section V.— Miscellaneous Animal Peoducts. 

Under this head may be included manna or honey-dew, 
a sweet substance excreted on the leaves and twigs of 
trees by certain aphidce; the trees frequented are chiefly 
gregarious conifers and some broad-leaved species. The 
sweet substance, which is especially plentiful in dry. years, 
is washed off the twigs and leaves with hot water, the liquid 
being then boiled down to the consistence of honey, which it 
resembles. The hill people of the Himalayas collect honey-dew 
for their own use ; as an article of trade it is of no importance. 

Shells form an article of minor forest produce in the Sunder- 
bans ; these are employed for burning into lime, much of the 
finer quality of lime used in betel-chewing being obtained from 
this source. 

Bats’ -guano is collected from rocky caves in certain parts 
of Burma ; its principal use appears to be for the manufacture 
of saltpetre. The right of collection for the year is usually 
sold to the highest bidder. 

Edible birds’ -nests are found in the Andaman and Nicobar 
Islands, Burma (south Tenasserim), and in one or two localities 
on the Bombay coast. These nests, which are largely composed 
of a gelatinous substance formed by the salivary glands of the 
birds, are made by certain species of swiftlet (Collocalia spp.), 
and are much prized by the Chinese as an article of food. 


MIN/Sr^ 


183 

Section VL—Hunting and Fishing. 




1. Hunting . 

The restriction of unauthorized hunting, which if carried 
to excess would mean the rapid extinction of game, forms an 
important part of a Forest officer’s duties. * The measures to 
be taken to effect this purpose must naturally differ greatly 
according to locality, the regulations being stricter in places 
where shooting is much indulged in than in remote places 
where the game is more or less unmolested. 

The following are the more important points to be considered 
in the regulation of hunting-:—(1) the establishment of a close¬ 
time for game, whether birds or mammals, during the breeding 
season; the possession of dead game at such seasons should 
also be made penal: (2) the formation of sanctuaries, where 
no hunting is to be permitted ; these should not, however, be 
formed in the neighbourhood of cultivation : (3) the division 
of the forest into shooting blocks, in each of which only one 
party is allowed to shoot at a time, and in which only a 
specified number of head of game may be killed by each party : 
(4) the issue of shooting licenses on payment of fees; these 
licenses should have written on them all necessary conditions 
as to locality, date, number and species of game which may 
be killed, and other provisos: (5) the killing of females and 
immature males should be prohibited: (6) no trapping or 
poisoning should be allowed : (7) special measures may have 
to be taken in the interests of fire-protection, such as the 
closing of the forests during the fire-season and the enforcement 
of rules prohibiting the employment of inflammable wads: 
(8) camping should be allowed only in certain specified places, 
in order to facilitate supervision. 

Special measures may have to be taken for the destruction 
of game for the protection of field crops; special provision 
is also necessary for the destruction of dangerous carnivora 
where these abound. In some parts of Europe a certain 
number of female deer are killed annually to maintain a normal 
proportion of males and females. This system would be difficult 
to apply in the majority of Indian forests owing to their extent 
and to the difficulty of supervising any such measure. 

2. Fishing. 

Forest streams are of greater importance than would at 
first sight appear, as they form the natural spawning grounds 
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of the fish which supply the fisheries in the larger rivers, the 
fish seeking the shade of the trees and the quiet of the jungle 
streams for the purpose of depositing their spawn. Many 
destructive methods of killing fish in a wholesale manner 
are practised, such as damming up the streams and scooping 
out all the water, trapping without discrimination as to size 
of fish caught, poisoning or dynamiting the water, wholesale 
slaughter at night with the aid of torches, and other methods. 

. The principal measures which may be taken to regulate 
fishing and prevent the indiscriminate killing of fish are (1) the 
issue of permits or granting of leases on payment: (2) the 
prohibition of poisoning, dynamiting, or capture of fish of all 
sizes in a wholesale manner: (3) the fixing of a minimum size 
of mesh for nets or traps used for catching fish: (4) the 
maintenance of shade along streams by prohibiting the felling 
of trees along their banks: (5) the establishment of a close- 
time for fish during the spawning season. 

Section VII. —Elephant-Catching. 

The capture of wild elephants for the purpose of training 
them to work in captivity is carried on in many of the forest 
tracts of India, and a work on Forest Utilization for India 
could hardly be considered complete without a brief account 
of the principal methods employed in their capture. Wild 
elephants commonly go about in herds, which vary in numbers. 
Where fodder is plentiful herds of 30 to 50 are usually found, 
but herds of 100 or more are not uncommon. Where fodder 
is scarce they divide into smaller parties of from 10 to 20. 
Males are often found in a solitary state, either because of their 
own preference for a solitary life or because they have been 
driven out by the rest of the herd or by males more 
powerful than themselves. 

The principal methods of catching wild elephants are 
(1) in pit-falls, (2) by noosing from the backs of trained 
elephants, (3) by tying the legs together under cover of female 
decoys, (4) by noosing the hind legs on foot, (5) by enclosing 
in a palisade erected round a salt-lick or pool of water, (6) 
by keddahs. By the first four methods elephants are caught 
singly, while by the last two whole herds may be caught. 
Lhe following is a brief description of each of these methods:— 

(1) Pit-jails .—Rectangular pits with sloping sides, 10 to 
12 feet deep and of dimensions usually 12' X12' at the surface 
fourmg to 9 X 9' at the bottom are dug in groups of two to 
slop at convenient places throughout the ground frequented 
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by the elephants, care being taken to remove the earth to 
some distance to avoid creating suspicion. These pits are 
filled for 4 or 5 feet with small brushwood covered with bundles 
of grass, and the top is covered over with a light platform 
of split bamboos, over which grass and dead leaves are strewn 
in such a way that the covering looks like the surrounding 
ground. The pits must be visited every day, and when a 
fall is discovered the captured elephant should be removed 
without delay : this is done by fixing a rope round the elephant’s 
neck and throwing billets of wood into the hole until the 
animal can scramble out. The elephant is finally secured 
with more ropes and marched off with the help of trained 
elephants. Unless carried t»ut properly this system is apt 
to be a very cruel one. W here pits are dug too deep or are 
not sufficiently filled with grass and brushwood to break 
the elephant’s fall, the animal may be severely injured or even 
killed: again, if the pits are not visited daily the chances are 
that any hapless animal that may fall into a pit will die of 
starvation. 

(2) Noosing from the backs of trained elephants.— Under 
this system wild elephants are chased by trained animals 
urged to a rapid pace by repeated blows delivered near the 
root of the tail by men seated on their backs. On the wild 
elephant being overtaken, it is surrounded, noosed, and securely 
bound: small elephants may be captured without difficulty, 
but in the case of large powerful animals it is often necessary 
to employ trained fighting tuskers to charge them again and 
again until they are somewhat subdued. This method is 
employed in Northern India, having been originally intro- 
ducted from Nepal. It is usual to begin tlie day by posting 
in suitable places a number of men armed with muskets and 
blank cartridges, the elephants being beaten out to where 
the trained elephants are kept in wait for them. This is 
one of the most exciting forms of elephant capturing, and is 
naturally by no means free from danger. 

.( 3 ) Tying the legs together under cover of female decoys — 
This is a method sometimes employed to capture solitary 
males. Four or five steady female elephants, ridden by 
mahouts who crouch down on their necks and cover them¬ 
selves with dark-coloured blankets, are taken to the jungle 
where the solitary male feeds, and are allowed to graze as 
if wild; they remain near him sometimes for two days and 
nights. As soon as the male falls asleep, usually soon after 
sunrise, the females stand round him and two mahouts get 
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down and tie ins hind legs together; in a day or two he can 
be captured without difficulty, as he soon exhausts himself 
in his efforts to run away with his legs fettered. If there 
is a convenient tree near, the end of the rope may be tied 
to it at the time the ropes are put round his legs. 

(4) Noosing the hind legs on foot. —This is a method some¬ 
times followed in Ceylon, where several hunters on foot with 
great skill noose the hind legs of an elephant running away, 
the trailing ends of the ropes being secured to trees as it passes. 
This method requires great dexterity, and can hardly be 
followed in general practice. 

(5) Enclosing in a 'palisade erected round a salt-lick or pool 
of water.— This consists in building round a salt-lick or water- 
hole frequented by elephants a stockade with a gap for an 
entrance. The place is constantly watched by a number 
of men in concealment, and as soon as a herd enters the en¬ 
trance is closed: the elephants are afterwards captured singly 
with the assistance of trained elephants and marched off. 
This method was formerly common in Assam, where great 
cruelty was practised owing to the hunters often leaving 
the unfortunate animals to starve to death when the number 
of tame elephants was insufficient to deal with a large herd 
of wild ones. Such waste of elephant life is no longer 
permitted. 

(6) Keddahs. —This is the most certain plan for catching 
herds of elephants on a large scale; it consists in surrounding 
a herd by a large circle of men and driving it into a stockade 
previously built. Men to the number of 300 or 400 are col¬ 
lected and supplied with muskets and rations, the exact number 
of men depending on the area to be operated over ; these move 
noiselessly in line through the jungle so as to take up posi¬ 
tions about 30 yards apart in such a way as to form a long 
line completely encircling the place where the herd of ele¬ 
phants is known to be. This cordon of men is often 5 or 
6 miles in length, and it may take 3 or 4 hours to complete 
the circle. When the cordon is completed the men run up a thin 
fence of split bamboos round the enclosure and clear a path 
from man to man. At night fires are lit, and if the elephants 
approach they are driven back by shouting and firing of 
muskets; the men camp at their posts often for a week, and 
sometimes for a whole month. 

The elephants are most active at night, giving little trouble 
in the day-time as a rule. When the circle is completed the 
keddah is built: this is a strong stockade 12 feet high, built 


of poles in a circle 20 to 50 yards across, a trencli 6 feet 
wide and 4 feet deep being dug inside tlie stockade and 
the earth thrown up to the inside, this preventing effective 
attacks . on the stockade from the inside. An entrance 4 
yards wide is left for the herd to enter, a strong gate being 
constructed and studded with sharp spikes on the inside. 
From the entrance to the keddah two lines of strong palisades 
run out for about 100 yards, being 60 yards wide at the 
entrance; these wings are meant to act as guides to force the 
elephants into the stockade. When the keddah and wings 
are completed some of the men from the outer cordon leave 
it and form a smaller circle inside, beginning at the wings 
of the keddah and taking up their positions so as to surround 
the herd; the herd is then gradually driven forward towards 
the stockade. If they refuse to enter the stockade in spite 
of shots and shouts a new stockade may have to be built in 

another part of the enclosure, and the same process gone through 
again. ® 

When once in the wings, the elephants are driven forward 
by firing a line of dry grass previously placed at the entrance to 
the wings; trained elephants are also employed to drive them 
into the stockade. When the herd has entered the stockade 
the gate is closed, and on the same or the following day tame 
elephants with mahouts on their backs enter and separate the 
wild elephants one by one, when men slip down and tie their 
umd legs; ropes are then fixed round their necks and hind legs 
and they are marched out and picketed in the forest near. 

lere experienced men are employed the danger involved by 
this method is not so great as might appear ; accidents, however, 
are bound to occur from time to time. The Chittagonians are 
particularly skilful in this method of capture. 
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CHAPTER VII. 

MINERAL PRODUCTS. 

Among mineral products of the forest may be mentioned 
building-stones, road-metal, clay, slate, limestone for burning, 
mica, laterite, sand, and other mineral products. These 
may be collected by (1) mining, that is, sinldng a shaft below 
the surface and excavating underground, (2) quarrying, 
that is, making an excavation open to the air, (3) collecting 
off land covered with tree-growth, (4) collecting from beds 
of streams. Mining affects the forest in that a considerable 
amount of debris is thrown up at the entrance to the mine; 
it is resorted to when the mineral-bearing strata run under¬ 
ground. Quarrying does much damage to the forest, especially 
on a hill-side, as it exposes the ground to landslips and 
causes damage to the forest beneath through the rolling 
down of stones and earth: on level ground the damage done 
consists in the reduction of the forest area. Collecting stones 
or other mineral products from forest land does much damage, 
as carts or pack animals are driven over the area, crushing 
young growth and, in the case of carts, damaging trees in 
passing. Collecting from beds of streams does no damage. 

Revenue from mineral products may be obtained either 
by leasing on fixed payment or leasing and charging royalty 
on the outturn by weight, volume, or market value. Where 
limestone is collected from the forest and burnt in its neigh¬ 
bourhood it is convenient to charge for the fuel used by finding 
the average volume of fuel required for each burning of the 
kiln and levying the total price of the fuel according to the 
number of times the kiln is fired. 

Mica mines are situated in Government forests in certain 
parts of Bengal and Madras, the mineral being quarried or 
mined according to whether its position is near the surface or 
some distance down. The value of the mica extracted depends 
on the size and clearness of the sheets, which are cut and 
sorted for the market according to size and quality. 

In the Nellore District, Madras, duty is levied by royalties 
on the quantity of mica exploited. In the Palamau Forest 
Division of Bengal the mica-bearing area is demarcated into 
40-acre squares, each of which is leased for 30 years: the 
lessee pays a rent of Rs. 40 per square per annum or else 5 per 
cent, of the sale value of the outturn of mica, whichever is 
greater. 
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Calcareous tufa lias been extensively quarried in the Kumaon 
Forest Division of the United Provinces, but since the discovery 
of tufa in a more accessible place at Lachiwala near Dehra Dun 
the outturn from Kumaon has dropped considerably. 
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CHAPTER YIIL 
MISCELLANEOUS MINOR FOREST PRODUCE., 

Under this head may be included a few articles of minor 
importance. Certain species of edible fungi are exported from 
the forests for trade, or are consumed locally. Large quantities 
of an edible fungus known as the morell (Morchdla esculenta) 
are exported to the plains from Kashmir and elsewhere in 
the Himalayas; these are collected in April and strung up 
on a string to dry in the sun previous to export. There are 
also various edible fungi of less importance obtained from the 
forests. 

Lichens are collected in the Himalayas and elsewhere 
for export; they are used medicinally, and also in the 
preparation of dyes. The dyes known as litmus and orchil 
are derived from lichens of the genus Rocetta, obtained partly 
from Ceylon. In the Himalayas lichens are collected from 
oaks and also from Firms longifolia; those collected from 
oaks are considered superior. In certain parts of Madras 
edible lichens, of the genus Parmdia, are collected during 
April and May. 

“Barilla” is carbonate of soda obtained from the ashes 
of certain saline plants of Sind, the Punjab, and elsewhere, 
of the order Chenopodiacece (Suasda, Salsola, Haloxylon, and 
other genera); the same substance is obtained from the 
efflorescence in the soil, known as reh, found in many parts 
of India. In the Punjab barilla is prepared by cutting the 
plants when in flower, drying them, and burning them over 
a basin-shaped hollow in the ground; in burning the plant 
gives out a liquid substance which settles in the bottom of 
the pit and is stirred up with the living coals and ash; the 
glowing mass is then covered with earth untiljit cools, and 
after three or four days is re-opened, when a quantity of 
barilla is found at the bottom of the pit. 

“Pearl-ash” is quite a different substance, a form of 
potassium carbonate obtained from the ashes of a large 
number of plants of no particular genus. 
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PAET III. 


ORGANIZATION OF LABOUR, AND MODES OF SALE 
AND DISPOSAL OF WOOD AND OTHER 
FOREST PRODUCE. 

The whole subject of Forest Utilization in its practical 
application depends intimately on the methods employed 
in collecting and disposing of the various articles of forest 
produce, for it is one of the chief duties of the forester to 
so arrange for the collection and disposal of the produce 
from the forests under his charge that these forests may 
yield the highest possible income compatible with the main¬ 
tenance and improvement of the forest, the interests of the 
neighbouring population being duly safeguarded. It is 
therefore necessary that some general knowledge should 
be acquired of the principles involved in the questions of 
forest labour and the various methods of disposing of forest 
produce. These questions may conveniently be considered 
under the heads of (1) the organization of forest labour, (2) 
methods of sale, and (3) system of extraction and disposal of 
forest produce. 
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CHAPTER I. 


THE ORGANIZATION OF FOREST LABOUR. 

Section I.—General. 

India being a large country, in which local conditions 
vary much from place to place, the question of labour supply, 
which may present no difficulties in some localities, is in 
others a matter of serious difficulty where forest work has 
to be carried out. 

Provided they are reasonably industrious, the people 
of the various jungle tribes make the most satisfactory forest 
workmen, as they become skilled in woodcraft and in the 
use of axes or other implements from childhood, while they 
are more inured to the climate and hardships of the jungle 
than men brought in from outside; the labour supplied by 
such tribes is, however, not always to be relied on, owing 
to the indolence often born of a life of freedom in people 
whose wants are few. The forester who can at all times 
command the labour of such jungle tribes for forest work 
has seldom cause to be dissatisfied. In Europe, particularly 
in Germany, permanent gangs of woodcutters are often to 
be found working continuously in one particular tract of 
forest from year to year, and earning their sole livelihood 
by cutting and converting wood; in some cases they are even 
kept together by subscription to a benevolent fund in aid 
of the aged and infirm, or of widows and orphans, such funds 
being supported by the woodcutters themselves. Such an 
advanced state of affairs is perhaps hardly applicable to 
India, but even in India permanent gangs of woodmen, whose 
sole occupation is cutting and converting wood, exist in 
many parts; in such cases labour can be depended on at short 
notice for the extinction of fires or for forest work in general. 
For the maintenance of such permanent labour it is necessary 
that regular work should be supplied throughout the year. 

The necessity for maintaining a supply of purely forest 
labourers is not so great in India as in Europe owing to the 
fact that in India there is a much larger agricultural popu¬ 
lation, so that the people are naturally familiar with the 
use of the axe and other implements. In agricultural districts 
labour for forest work can generally be depended on at seasons 
when important field-work, such as ploughing, sowing, or 
reaping, are not in progress: the seasons for carrying out 
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forest operations must, in fact, in some localities largely depend 
on the seasons of agricultural work. 

Where labour cannot be obtained locally there is no 
alternative but to import it; this means increased cost owing; 
to the journeys to and fro, and often higher wages as com¬ 
pensation to the workmen for leaving their homes. In India 
sawyers are not so readily obtainable as axemen, and often 
have to be obtained from a distance, the sawyers being largely 
confined to one particular class. 

In order to ensure satisfactory work it is necessary to 
impose certain conditions, which would include, among other 
matters, avoidance of damage to the forest, camping and 
lighting fires only in certain specified places,' assistance in 
case of fire, and abstinence from the commission of forest 
offences. Where labour is not directly supervised by an 
official it is usually advisable to appoint one specially 
selected man as foreman, who should receive higher wages 
than the remainder of the workmen. 

Among special forms of labour may be mentioned the 
convict labour employed in the Andamans, this labour being- 
classified into various grades according to severity. 

Section II. — Wages. 

Wages for miscellaneous forest work are usually fixed 
according to the customary rates for unskilled labour in the 
locality concerned; work of a more special nature, such as 
sawing and conversion generally, is usually paid for at higher 
rates. Work is generally carried out either (1) under the 
direct supervision of an employe of Government or of the 
owner of the forest, or (2) by contract. In the former case 
the workmen may be paid either (a) by daily labour or ( b) 
by piece-work. 

Payment by daily labour is specially necessary where the 
work has to be carefully carried out and not hurried over, for 
example, work such as the weeding and cleaning of plantations, 
in which much care is necessary. Where daily labour- pay¬ 
ment is made the workmen require to be kept under super¬ 
vision and made to work for a certain number of hours daily, 
there being no special inducement towards hard work such 
as is the case where payment is made by piece-work. 

Payment by 'piece-work means payment by the quantity 
of work done irrespective of the time taken to perform it, 
for example, payment for earthwork by volume in cubic 
feet, or payment for converting into sleepers of a given size 
7711 G. F. } o 


at a fixed rate per sleeper. This system has the advantage 
that there is every inducement towards hard work; on the 
other hand, it is not suitable for work which if hurried over 
would be badly carried out, particularly where the results 
are not readily detected. In the case of tree-felling, pay¬ 
ment is sometimes made at certain rates per tree, the rates 
varying according to the girth of the tree to be felled. 

Payment under contract .—In this case a contractor agrees, 
under certain working conditions, to complete a piece of work 
in a given time, the work being paid for at a stipulated rate on 
completion. In this case, although the supervision required is 
not so constant as where no responsible contractor is in charge, 
supervision is ’nevertheless necessary to ensure the terms of 
the contract being adhered to. 
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CHAPTER II. 

METHODS OF SALE. 

In this chapter we shall deal with the chief methods under 
which sales are conducted: these are (1) sale by private 
bargain, (2) sale by public auction, (3) sale by tender, (4) 
sale by royalty or fixed tariff. 


Section I.— Sale by Private Bargain. 

Although this is the method under which much of the 
petty general business of India is transacted, it is only in 
exceptional cases applicable to Sales of timber and other forest 
produce by the Forest Department, as it involves much time 
m bargaining, and is in other ways unsuitable. In special cases 
sale by private bargain is advisable, particularly where one 
person desires to purchase but where there is no general 
competition for the produce to be sold, for example, where a 
few selected trees of special kinds are required for some parti- 
cu ar industry. In such cases the price is fixed according 
to the current market rates, or, if these are not ascertained, 
on the averages of past sales, due regard being paid to any 
changes in the market. " 


Section II.— Sale by Public Auction. 

Sale by auction literally means sale by increasing (the 

biddfnA 6 - f e b T'l C f ried ° ut b * v two or more persons 
fl g J U L gter aild blgber a S amst each other, the bidder 
ol the highest price becoming the purchaser. On the Con¬ 
tinent of Europe a commencement is sometimes made with 
a high price, the salesman calling out a lower and lower price 
at intervals until some one accepts the price offered. This 
though not strictly an auction, is popularly termed a Dutch 
auction; it occupies more time than the usual form of auction, 
in some cases a candle, timed to burn about 5 minutes, is 
lighted at the beginning of a Dutch auction, and no bids are 
allowed after the candle goes out; thus in the uncertainty 
as to when the candle will burn itself out intending pur¬ 
chasers will avoid delaying, too long in calling out tlieir bids. 

One of the chief disadvantages of auction-sales is the 
danger of a combination among would-be purchasers, who 
agree previously not to outbid each other. This can to some 
extent be prevented byp, advertising the sale as widely as 
possible, so that persons from a distance, who have no con¬ 
nection with local purchasers, may attend the sale. To prevent 
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unreasonably low prices being obtained, a minimum price is 
fixed, known as tbe upset-price, below which no bids are 
accepted. Prior to an auction of timber or other forest 
produce being held, the produce should be conveniently ex¬ 
posed for inspection some days beforehand in suitable sale 
lots, lists of the lots with particulars as to dimensions, quality, 
etc., being prepared for the convenience of intending pur¬ 
chasers : at the same time the auction should be publicly 
advertised as widely as possible. Before the commencement 
of the auction it is always necessary to read out the conditions 
of sale ; such conditions fix the period within which payment 
is to be made, failure to pay within the prescribed period 
leading to forfeiture of all claim to the produce purchased; 
they also fix the latest date on which all produce purchased 
has to be removed from the sale depot, demurrage being charged 
after the prescribed date. The conditions of sale also deal 
with matters affecting the actual conduct of the auction, 
providing for its closure at any period of the 3 sale if necessary, 
so that any combination among bidders may be thwarted. 

In the case of large timber sales it is customary to hold 
the auctions, not in the actual depot where the timber is 
lying, but in some room or other place, opportunity having 
been previously given to intending purchasers to fully inspect 
and value the several lots exposed for sale; this is necessary 
owing to the fact that timber is bulky and occupies much space, 
so that a great deal of time would be wasted if each lot 
were visited and auctioned in situ. In the case of important 
sales it is often profitable to employ a professional auctioneer 
and to pay his commission, particularly if the auctioneer 
is in the habit of regularly selling timber, as he is in touch 
with the market and can usually be depended on to obtain 
a good attendance at the auction, while he is at the same 
time responsible for the collection of the amounts bid, thus 
saving much extra work in the Forest Office. For small 
local sales the employment of a special auctioneer is hardly 
necessary. 


Section III.— Sale by Tender. 

Under the system of sale by tender, would-be purchasers 
make offers on or before a fixed date, stating the price they 
are willing to pay; such tenders are of two kinds, sealed tenders 
and open tenders. 

In the case of sealed tenders the intending purchasers 
submit their tenders in sealed covers before a certain hour 
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on a fixed date: all tenders are then opened, in tlie presence 
of the tenderers if they wish to be present, and the terms 
of each tender are read out. The officer whose duty it is 
to accept tender need not accept the highest tender, a proviso 
which should be previously notified in the advertisement 
calling for tenders: in this way the tenders of persons who 
are known to be insolvent or to be otherwise undesirable 
can be disregarded. Tenders usually require to be accompanied 
by deposits of money known as earnest-money, which are 
returned to unsuccessful tenderers; this earnest-money is 
forfeited by the successful tenderer in case of non-fulfilment 
of his tender. Sale by sealed tender is not always the most 
profitable form of sale in India, but where it can be success¬ 
fully introduced it is a good system, as it gives little trouble 
and is usually effective in preventing combinations. 

In sales by open tender the tenders may be made at any 
time, either personally or in writing, by a certain date, and 
a tender may be accepted at any time before the date noti¬ 
fied. In this case bargaining is possible. The system is 
not altogether a good one, as tenderers quickly realize the 
price likely to be accepted and may combine accordingly; 
it is usually suitable only for produce whose value remain 
fairly constant. 


Section IV. —Sale by Royalty or Fixed Tariff. 

Under this method of sale the disposal of forest produce 
is governed by fixed prices, being revised from time to time 
as conditions change. The tariff prices are fixed as nearly as 
possible with due regard to current market rates. This 
method of sale is largely employed in India, particularly for 
inferior timber, bamboos, fuel, and many forms of minor pro¬ 
duce, the royalty, that is, the fixed price, being charged by 
quantity, weight, volume, or percentage on the market value, 
the last-named being known as ad valorem royalty. In depots 
petty produce, such as small quantities of fuel or charcoal, is 
conveniently sold at fixed rates, while the levy of royalty on 
forest produce extracted from the forest by purchasers is 
universal throughout India, the simplicity of the system render¬ 
ing it particularly applicable in a country where forest produce 
of all kinds is much in demand for the daily requirements of 
the people. 
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CHAPTER III. 

SYSTEMS OF EXTRACTION AND DISPOSAL OF 
FOREST PRODUCE. 



Section I.— General. 

In this chapter the more important systems, as employed 
in India, of extracting and disposing of forest produce; will be 
described in outline. The number of variations in detail, as 
applied in different parts of the country, are so numerous, that 
a consideration of them all would fill a large volume m itself, 
and cannot be attempted here. It is also quite impossible to 
state definitely what special system is most suitable or most 
remunerative in the case of any particular class of timber or 
other produce, as local conditions vary so much that where a 
certain system may be found most suitable in one locality it 
may be quite out of place or unworkable in another. 

In deciding on the introduction of any system there are 
many general questions to be taken into consideration, the chief 
of which are (1) the maintenance and improvement of the 
forest, (2) a fair remuneration to the state or forest owner, (3) 
the prevention of theft or fraud on the part of purchasers or 
forest employes, (4) the safeguarding of the interests of the 
local population, (5) the avoidance of unnecessary complica¬ 
tion in the system, rendering it unworkable, or unintelligible 
to those who have to carry out the details, (6) the physical 
conditions of the locality, (7) the number and qualifications of 
the staff responsible for carrying out the work, (8) the capability 
or financial standing of the contractors or purchasers whose 
duty it is to extract the produce, (9) the quality and quantity 
of labour available, and (10) the general policy of Govern¬ 
ment, particularly as regards the encouragement of private 

enterprise. , 

The extent to which one or more of these factors can be 

taken into consideration in the adoption of any system of 
exploitation will be indicated in the next three sections, which 
deal with the systems themselves. These systems naturally 
fall into three main groups, (1) felling and extraction, or collec¬ 
tion, by Government agency, (2) felling by Government agency 
and extraction by purchasers, and (3) felling and extraction, or 
collection, by purchasers. In the case of private forests this 
classification will also hold good, except that the owner’s agency 
takes the place of Government agency. In Indian official 
reports only the first and third of the above groups are recog¬ 
nized, and where the working of forests is carried out under 
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the second method it is classed under the first or third, 
whichever it approximates most nearly. In classification for 
the purpose of reports this is quite sufficient, but for our pur¬ 
pose the second method should be considered separately because 
it has to be employed, as will be seen later, in certain special 
cases. 

Section II.— Felling and Extraction, or Collection, 
by Government Agency. 

Under this system the felling, extraction, and disposal of 
timber, or the collection and disposal of minor produce, as 
the case may be, is carried out entirely by Government, the 
net profit being obtained by deducting the working expenses 
from the sale value received. The details of working vary, but 
in general outline the system consists of extraction of the 
produce to a sale depot by persons working on behalf of 
Government, and the subsequent sale of the produce at the 
depot, the sale price being credited to Government as gross 
earnings. 

In the case of departmental extraction of timber on a 
large scale, a common method is to issue contracts to reliable 
persons to fell and extract to a Government depot the 
trees marked for felling in a certain coupe. The contractor 
duly delivers the timber at the depot, being paid at stipulated 
rates for his work. The timber is then taken over by the depot 
staff, who are thenceforth held responsible for its safety. The 
disposal of the timber from the depot is then effected by sales, 
whether by auction, tender, fixed tariff, or otherwise. The 
contractor’s work has to be carefully supervised while in 
progress, as dishonest contractors are liable to fell more than 
they have a right to fell, in order to receive more payment, 
or to sell on their own behalf timber which they are extracting 
on behalf of Government. It is often advisable to give advances 
to the contractors, on good security, in order to keep them 
out of the hands of money-lenders; such advance? may be 
given as part payment for work done, for example when a 
tree has been felled and logged the; value of the work done so 
far may be paid for at its estimated value. 

In the case of fuel, departmental extraction has to be carried 
out in some cases to afford regular supplies, in others to keep 
down the local prices for fuel where fuel is scarce and prices 
would tend to rise abnormally if the extraction was entirely 
in the hands of one or two traders. 
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In India the extraction of minor produce is carried out by 
Government only to a comparatively small extent. As a general 
rule the extraction of minor produce can better be left to private 
persons, but in special cases Government may have reason for 
undertaking the extraction itself, for example, in the Central 
Provinces sal resin is collected in small quantities by Govern¬ 
ment agency, the right of collection not being leased to private 
persons in case these should wound the trees to obtain more 
resin. In rubber collections also, it would in a well-regulated 
plantation be fatal to lease out the right of tapping to private 
persons unless very close supervision could be exercised. 
Extraction of minor produce by Government agency may have 
to be undertaken in the interests of the local jungle tribes. 
Thus the collection of myrabolans by Government agency was 
introduced into certain «of the Bombay forests in 1880, and 
proved not only more remunerative than the previously-existing 
system of farming out the collection, but was much 
appreciated by the jungle people, who were thereby made less 
subject to oppression and were brought into more intimate 
relations with the Forest Department. The actual method 
employed was to establish depot stations to which the jungle 
tribes could bring in myrabolans and receive fixed rates of pay¬ 
ment for them; this gave them an inducement, from personal 
motives, for assisting in the protection of the trees. Among 
other examples of departmental extraction of minor produce 
may be mentioned the tapping of pine resin in the Himalayas. 

The general policy of Government is to limit departmental 
extraction and to encourage extraction by purchasers. This is 
on general principles a good policy, as the system of depart¬ 
mental extraction has its drawbacks, the chief of which is the 
large amount of work, both executive and clerical, which is 
thrown upon the staff, who might be more profitably employed 
in works of maintenance and improvement of the forest. It 
is, therefore, only in cases where local conditions actually make 
it advisable, that the system of departmental extraction in 
India can be considered to be advisable. Such local conditions 
do exist, and will no doubt continue to exist, so that depart¬ 
mental extraction will probably always form an important item 
in the forest operations of India. 

I That the system of departmental extraction is not nearly 
so extensive in India at the present day as that of extraction 
by purchasers may be seen from the fact that 5 times the 
quantity of timber and fuel, and nearly 100 times the quantity 
of bam boos, are on an average annually extracted by purchasers 
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as compared with the quantity extracted by Government 
agency, while the value of minor produce extracted by 
purchasers is 14 times the value of that extracted by Govern¬ 
ment agency. 

Section III. —Felling by Government Agency and 


Extraction by Purchasers. 


This system is followed in cases where great care is necessary 
to avoid damage to the forest during felling. It is often employed 
on the Continent of Europe, where trained gangs of woodcutters, 
working directly under Government, are continuously employed 
in the forest. The system is‘to some extent followed in India, 
and may be usefully employed in the case of thinnings, the 
stems being felled by skilful woodcutters, and removed, after 
felling, by purchasers. This system may also be adopted in the 
case of improvement fellings, where inferior trees are felled for 
the benefit of the stock as a whole; felling by departmental 
agency ensures that none of the trees will be left standing. 

Section IY.—Felling and Extraction, or Collection, 


by Purchasers. 


There are many different methods under which timber and 
other forest produce may be disposed of to purchasers, but 
for the sake of convenience they may be grouped into four 
main heads, (1) sale of a whole coupe or area, (2) sale of a 
few selected trees, (3) sale by means of licenses or permits, 
(4) sale by the commutation system, and (5) extraction with¬ 
out any previous permit or agreement. 



1. Sale of a Whole Coupe or Area. 


Under this head may be included a variety of systems of 
great importance, the chief of which are as follows:— 


(1) Sale by Lease. 


This consists in selling the right over a given area to one 
person or firm, known as the lessee, to extract timber or other 
produce for a fixed period, which may extend to one or more 
years. The sale value is realized either in a fixed lump sum 
payable in one amount or by instalments, or by payment 
of royalty on the produce extracted, whether by volume, 
weight, quantity, or percentage ad valorem. 
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The simplest form of lease is that in which a lump sum is 
paid for the privilege of extracting as much produce of a certain 
kind as the lessee can obtain in a given time. It is obvious 
that if this system were to be applied to produce such as timber 
or fuel the forest would soon be ruined; the system, however, 
can be suitably applied to crops such as grass, fruits, flowers, 
etc., which are produced annually, and the whole of which can 
be removed without detriment. This simple form of lease by 
l um p sum is known as “ farming ” the crop. Lac can be con¬ 
veniently farmed in this way, provided suitable conditions 
are made to ensure the propagation of lac for future use. 

There is nothing so dangerous as the habitual lease of a 
forest for the extraction of dead timber. It may be permissi¬ 
ble if certain classes of dead trees or timber are known to 
exist and have been duly marked, the area being opened to 
extraction for a definite period ; but if the same area be leased 
year after year to the indiscriminate extraction of dead timber 
the chances are that the lessee will make certain, by killing trees 
artificially, that the annual supply of dead trees is maintained. 

The same applies to the extraction of dead wood under any 
system. Similarly dead wood rights and privileges should 
not be allowed indiscriminately, but should be confined to 
certain coupes and fixed seasons. 

When a lease is issued a carefully worded agreement should 
be drawn up, the conditions of which should be a safeguard 
against damage to the forest by the lessee or his employes. 

A system largely followed in Burma, whereby teak timber 
is felled and extracted by timber firms, is commonly termed 
a timber lease, though the term purchase-contract would be 
less confusing, as the system is not a lump sum lease such as 
that already described. The teak trees are selected over 
definite areas by trained officers, under sylvicultural rules, 
and are killed by girdling in order to allow the timber to season 
and become light enough to float out. The area is then 
“ leased,” commencing the third year after girdling, to a timber 
firm, which is allowed a certain number of years to fell and 
extract the girdled timber, royalty being paid at stipulated 
sums per cubic foot after the timber has reached a measuring 
station and has been measured. After payment of the royalty 
due the timber becomes the sole property of the firm. 

This system, it should be mentioned, is not so profitable 
to Government as the system of teak extraction by Government 
agency, the net profit derived from the latter being as a rule 
more than double of that produced by leases, for a given volume 
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of timber ; there are, however, conditions of policy which cannot 
be ignored, and these, combined with paucity of staff and 
other difficulties, militate against the general adoption of 
departmental working of teak in Burma. 

(2) Sale of Standing Trees by Coupes. 

( a ) Wholesale system .—This is one of the most suitable and 
profitable of systems where it can be successfully introduced, 
ihe trees are selected and marked, the whole coupe bein ,f 
tiien sold standing, either by auction or by sealed tender! 
The sale price can be recovered either in a sum representing 

{• 6 va ^ u . e f- c °upe as a whole, or at so much per tree 
of different size classes and species, or on the volume of timber 
extracted, whether in the round.or after conversion. In the 
absence of a good class of timber traders the system may at 
nist be difficult to introduce, in which case the coupe may be 
so d by private bargain to one trader on easy terms : once the 
profitable nature of the business becomes known there is usually 
no difficulty in obtaining numbers of applicants. The annual 
coupes are usually sold during the rains, the successful pur¬ 
chasers commencing work as soon after the rains as possible 
and extracting the material during the following dry season. 

(b) Monopoly system .—Under this system trees for felling 
are marked over a coupe or convenient sub-division of a coupe, 
and are sold by auction. The price paid for the coupe is known 
as the monopoly price, as it gives the purchaser the sole right 
to tell and extract timber from the coupe. In addition to this 
monopoly price the purchaser pays royalty on all timber brought 
out of the forest, whether in the round or after conversion : 
for this purpose a regular scale of export rates is made out for 
cveiy variety and class of timber, these rates being calculated 
at about half the value of the timber. When the coupe is 
marked for felling, an estimate of its probable yield is made 
out, from this, as well as from the scale of export royalty rates, 
the purchaser is able, after inspecting the coupe, to calculate 
what monopoly price he can safely give. 

• i ^ 8 rea, k a dvantage of this system is that purchasers are 
induced to remove inferior timber, as they have already paid 
as the monopoly price about half the value of the timber of 
the coupe, and it is in their interest to extract everything they 
possibly can, the royalty rate being so low as to make it worth 
their while to extract inferior timber as v;ell as the better classes 
of timber. The monopoly system further allows of variations 
in the sale price according to the distance of the coupe from 
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lines of export, without the inconvenience of having to fix 
a separate scale of royalty prices, because the monopoly price 
paid would naturally be less for difficult localities than for 
those from which extraction is easy. 

The monopoly system has received a fair trial in several 
parts of the United Provinces, and has proved a most satis¬ 
factory system. It would not, however, be applicable in large 
unwieldy charges where supervision is difficult, as the estimate 
of the value of the coupe has to be personally made by a respons¬ 
ible officer. 



2. Sale of a Few Selected Trees. 

This consists in selling, usually by private bargain or by fixed 
tariff, a few selected trees. It is not a system to be generally 
adopted where regular working is in progress, but it is often 
necessary in special cases, as in sales to public departments, 
or the sale of certain species of trees for which there is no general 
demand, but which are in demand for one particular purpose 
or industry. 

3. Sale by means of Licenses or Permits. 

The method of sale by licenses is of very extensive appli¬ 
cation in India, and has more variations in detail than in 
any other form of sale. The most typical method is for an 
intending purchaser to apply, to a person empowered to issue 
it, for a license to extract timber or other forest produce of 
certain descriptions in a specified area and within a fixed 
limit of time, a fee being paid for the license : all particulars 
are clearly entered on the license, the amount paid for it be¬ 
ing written in words and in figures. The licensee then pro¬ 
ceeds to collect and extract his produce, which is checked 
at a specified place within or reasonably near the forest; if 
the produce extracted is in accordance with the particulars 
entered on the license it may then be removed, the license 
being delivered up and a removal pass being issued in its 
place, authorizing the licensee to remove his produce to its 
destination, where it may again have to be checked with 
the removal pass. Licenses may be in duplicate or in tripli¬ 
cate ; in the former case the original is given to the licensee 
while the counterfoil is sent up with the accounts of the vend¬ 
or, while in the latter case the extra foil is issued to the person 
whose duty it is to check the produce extracted, this foil 
being sent to the audit office independently of the counter¬ 
foil sent by the vendor. 
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In actual practice there are a large number of modifi¬ 
cations of this type, due to local conditions. As regards the 
person empowered to issue licenses, for valuable material, 
such as timber of the better kinds, none but a responsible 
officer of fairly high grade should be allowed to issue them. 
For petty minor produce, head-loads or cart-loads of dry fuel, 
bamboos, etc., this would be impracticable, and hence licenses 
for such have to be issued either by low-paid officials or by 
persons temporarily appointed for‘ the purpose, the latter 
being paid either by a fixed salary or by commission on the 
revenue collected by him. To guard against fraud security 
usually has to be furnished, while in some places the license- 
vendors are frequently transferred from one post to another; 
in any case frequent inspection of their books is necessary, 
while as many of the original licenses as* possible should be 
recovered and compared with the coimterfoils and cash 
accounts, a frequent form of fraud being to enter a smaller 
amount in the counterfoil and in the accounts than is actu¬ 
ally collected and entered on the original license. The pur¬ 
chase of licenses for petty forest produce should be made 
as convenient as possible for the persons who desire to obtain 
produce, otherwise the temptation to steal it is increased: 
for this reason the license-vendors should be posted at con¬ 
venient places near the forest. The work of issuing such 
licenses is sometimes entrusted to village headman, with good 
results, as these men hold more or less responsible positions, 
while they are brought more into touch with the Forest 
Department, receiving as they do emoluments in the shape of 
commission on revenue received for the sale of licenses. Under 
any circumstances it is not advisable to allow the Forest 
protective establishment to issue licenses, as it is their duty 
to check them while in operation. 

Among special forms of license systems may be mentioned 
the face-value system, including the use of tickets, and the 
employment of adhesive stamps. By the face-value system 
is meant the sale of licenses, usually of different colours! each 
representing a definite value, so that illiterate persons soon 
get to know the value of the different coloured licenses. Such 
licenses are sometimes in the form of cardboard tickets re¬ 
sembling railway tickets. In some cases adhesive stamps, 
resembling postage stamps, are affixed to the back of the 
license when the latter is issued, the value of the stamps corre¬ 
sponding to the amount paid for the license. The stamps 
are punched and dated when the license is issued, so that 
they may not be used after the expiry of the license. 


206 


4. Sale by the Commutation System., 

By commutation is understood the payment of a fixed 
sum once in a fixed period, usually a year, in return for the 
privilege of being allowed to remove certain classes of forest 
produce at any time and as often as is necessary. The system 
should never be employed except in the case of petty pro¬ 
duce required for bond fide domestic use, and not for sale 
or barter. Such produce as thorns for village hedges, litter, 
grass, and other small classes of minor produce, may be re¬ 
moved under this system, while exceptionally the extraction 
of small timber for agricultural or domestic use, and fuel, 
may be allowed on payment of commutation fees. The system 
is, however, most applicable to forest grazing. The chief diffi¬ 
culty is to obtain a correct estimate of the number of cattle 
to be grazed or the quantity of each class of produce to be 
removed, in order to fix a fair commutation fee: this is done 
by making an annual census of cattle or an annual estimate 
of the quantity of forest produce required, based on the num¬ 
ber of persons in each village. Commutation fees are usually 
levied from a whole village, in which case no commutation 
should be allowed in any village unless the whole village 
agrees to commute. 

5. Extraction without Previous Permit or Agreement. 

Under this head may be included two different forms 
of realizing revenue on forest produce extracted without 
license; these are (1) the system known in India as the Icham- 
tahsil system, and (2) the levy of export duty. 

(1) The Kham-Tahsil System. 

Under this system a person may enter a forest without 
previous permission and collect forest produce of certain 
specified classes, which he brings out, and on which he pays 
duty at a revenue-station on the line of export, receiving a 
receipt for the amount paid in the shape of a removal pass. 
This system is obviously applicable only to tracts which have 
not yet been brought under an efficient state of forest manage¬ 
ment, and is suitable only for remote tracts from which 
it is possible to remove the produce only by" one or two 
well-defined lines of export, otherwise the risk of escaping 
the payment of duty would be too great. Under any con¬ 
ditions it is very difficult to exercise an adequate check on 
produce brought out, while the detection of fraud on the part 
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of the revenue-collector is equally difficult. The difficulty 
can to some extent be avoided by establishing a second check 
station further down the line of export and at a considerable 
distance from the first station, so that the produce may be 
independently checked and compared; independent inspect¬ 
ing officers should also frequently patrol the line of export. 

As far as the forest itself is concerned this system is open 
to the gravest objection, particularly where timber or fuel 
is the produce extracted, because there is little or no safe- 
. guard against excessive and wasteful felling. 

A rough form of the kham-tcihsil system is employed in 
some places in the interests of jungle tribes, who, however, 
are in this case not purchasers. The jungle people bring pro¬ 
duce down to Government sale depots situated conveniently 
near the forest; they are paid for the work of collection and 
extraction either at fixed rates or by percentage on the sale 
price of the produce. The purchaser of the produce at the 
depot obtains a removal pass which enables him to export 
it to its destination. 

(2) Export Duty. 

A system has recently been brought into operation in 
Burma whereby an export duty is collected at seaport towns 
on all cutch exported from the country. The system was 
adopted owing to the difficulty formerly experienced in collecting 
within the country the legitimate revenue due to Government 
on cutch: as the great bulk of the cutch manufactured in 
Burma is exported by sea, the realization of duty at seaport towns 
covers nearly all the cutch manufactured. The cutch trees 
(Acacia Catechu ) within Government reserved forests are 
strictly protected and may not be felled unless sold under 
some well-regulated system, but all cutcli trees growing 
on any other class of land may be felled and converted into 
cutch without previous permission. Formerly the revenue 
on cutch was collected by the issue of licenses fixing the 
number of cutch-boiling cauldrons of given capacity which 
might be employed within a given period: as such licenses 
applied only to Government waste land, and as cutch on 
private land could be boiled to any extent without license 
or payment of duty, it is not to be wondered at that cutch- 
boilers on private land extensively stole cutch trees from 
Government land to convert free of duty. On this account 
the system of export duty was introduced; it covers cutch 
obtained from private as well as from Government land. 
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PART IV. 


FOREST INDUSTRIES. 

Among the large number of industries connected with 
Forestry we can here deal with only a few of the local industries 
which more directly concern the subject of Forest Utilization, 
and are in some cases carried out in or near the forest itself '. 
the industries in question are the following:— 

I .—The manufacture of charcoal. 

II . — The manufacture of turpentine and colophony . 

III. — The extraction of various oils and tars. 

IV. — The manufacture of cutch and hath. 

V.— The preparation of tannin extracts. 

VI . — The antiseptic treatment of wood. 
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CHAPTER I. 

THE MANUFACTURE OF CHARCOAL. 

Section I. —General. 

When wood is burnt in the presence of air it is converted 
into gases with a small quantity of ash left as residuum. If 
air be entirely excluded during burning, however, the wood will 
be converted into a number of gaseous and liquid products, 
such as carbon dioxide and monoxide, hydro-carbons, acetic 
acid, wood-alcohol, tar, etc., the residuum left behind 
being charcoal. Thus the manufacture of charcoal, or the 
carbonisation of wood as it is called, is carried out by burning 
wood out of contact with the air, and is a form of destructive 
distillation. During the burning about half the carbon is 
expelled, and the charcoal consists of what remains of the 
carbon, oxygen, and hydrogen, as well as all the ash con¬ 
stituents, the carbon constituting about 90 per cent, of the 
whole. 

From the foregoing remarks it will be seen that in convert¬ 
ing wood into charcoal a considerable amount of waste 
takes place: this, however, is more than compensated for 
by the advantages of charcoal over firewood. The chief of these 
advantages are (1) charcoal is easier to light, and gives out 
a steadier and more intense heat, than firewood, burning 
with a smokeless flame ; the heating power of charcoal is 
nearly twice that of the same weight of wood : (2) it is always 
ready for use, and does not require to be split or cut up like 
wood: (3) it is more portable than wood, and can be transported 
to greater distances; the weight of charcoal is less than a 
quarter of the weight and less than half the bulk ofjthe wood 
from which it is made. • 

There are three methods of charcoal-making, in retorts, 
pits , and kilns. 

Charcoal-making in retorts is as yet of little practical interest 
in India, and is carried out more for the sake of obtaining 
secondary products such as acetic acid, tar, alcohol, etc., 
than for the sake of the residuum of charcoal. In this method 
of manufacture wood is closely stacked in permanent air¬ 
tight retorts or ovens made of masonry or iron, which are 
heated, the various products of destructive distillation being 
collected and the charcoal remaining behind after combustion is 
completed. 

Charcoal-making in open pits is a most wasteful method, 
and should be employed only where wood is very abundant 
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and has very little value. A hole with sloping sides is dug in 
fairly stiff soil to a depth of about 3 to 5 feet and a diameter of 
about 5 feet. This is filled with dry twigs and small branches, 
which are fired and allowed to burn until all smoke has ceased. 
More twigs and branches are then thrown in, and the opera¬ 
tion is continued until the pit is full of glowing charcoal, when 
it is covered over with turf or moist earth, so that all air is 
excluded. In a day or two the pit becomes sufficiently cool 
to be opened, and the charcoal is taken out. The wastefulness 
of this method is due to the fact that the burning is carried 
out with almost free access to the air, so that much of the wood 
is consumed instead of being converted into charcoal. It 
requires little skill, however, to. manufacture charcoal in this 
way. 

Charcoal-making in kilns is the most important method for 
forest purposes, so that a detailed description of the processes 
of manufacture will be necessary. 

Section II.— Charcoal-Kilns. 

There are many different ways of constructing charcoal- 
kilns, but they approximate more or less to a few types which 
will be described below. Whichever method is employed 
there are a few general rules which should be carefully observed. 
It is advisable that all the wood should become carbonised as 
far as possible simultaneously, because if some pieces become 
carbonised long before the remainder they are liable to 
become partially or wholly consumed. For this reason 
different woods varying much in density should not be 
burned in the same kiln. Another objection to burning woods 
of different densities in the same kiln is that the charcoal 
produced by different woods is sometimes used for different 
purposes; hence the woods should be kept separate from 
the beginning, as the charcoal cannot be conveniently 
separated afterwards. To ensure even carbonisation very 
thick pieces of wood should be split to convenient size, and 
not stacked whole along with smaller sized billets, as the 
thick billets take much longer to bum than the smaller 
ones. In order to ensure the admission of as little air as 
possible the wood to be carbonised should be stacked 
as closely as possible, the pieces being dressed straight 
for this purpose, and the interstices being filled up 

with smaller billets and chips of wood. Unsound wood 
should on no account be used, as it will produce no charcoal. 
Charcoal-kilns vary considerably in the method of stacking 
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which may be horizontal or vertical, the manner in which the 
kiln is fired, the shape of the kiln, and other details; it will 
be sufficient for our purpose to describe a few of the chief 
types ; these are (1) the paraboloidal over-ground kiln, (2) the 
oven kiln, (3) pit kilns, (4) the prismatic kiln, and (5) the 
hill kiln. 


1. The Paraboloidal Over-Ground Kiln. 
(1) Shape and Size op the Kiln. 


The usual shape of the kiln is that of a paraboloid 
{vide plate XII, fig. 1), the volume of which is n r 2 X f-, 
where r is the radius and li the height, or, in terms of the 
circumference c, the volume is g J. Usually 4 to 6 per cent. 

of the volume should be deducted, as the kiln has as a rule 
steeper sides than a paraboloid. 

Kilns vary greatly in size. A convenient size of kiln is 
obtained by making the height 8 feet and the radius 8 to 
10 feet: this gives a capacity of about 800 to 1,200 stacked 
cubic feet. The larger the kiln the less space it occupies and 
the less covering material is required in proportion to the 
amount of wood used, while fewer men are required for 
looking after one large kiln than for supervising several small 
ones; on the other hand a large kiln requires more skill in 
handling than a small one. In Europe small kilns have a 
capacity of 400 to 1,000 cubic feet stacked, and large ones a 
capacity of 2,000 to 3,500 cubic feet. In India the capacity 
is seldom more than 1,500 cubic feet. 


(2) Site op the Kiln. 


The site for a kiln should be level and even, and situated 
m a sheltered place and in close proximity to water. The 
nature of the soil is important: if it be too porous too much 
air will be admitted into the kiln from below, while if it be 
too stiff it does not sufficiently absorb the liquid products 
of carbonisation, and will unnecessarily retard burning. A 
sandy loam is the most suitable, but it is above all necessary 
that the ground should be uniform, otherwise the kiln will 
burn unevenly: for this reason all vegetation should be 
removed by the roots, all stones should be taken out, and 
the site should be raised about 8 to 12 inches in the centre, 
sloping outwards evenly to the circumference, to allow such 
liquid products as are not absorbed by the soil to run out. 
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After the site has been thus carefully prepared it should 
be allowed to settle for two or three months until it becomes 
firm. Before the kiln is built the site, if at all damp, should 
have a layer of dry brushwood and leaves burned on it. 

The best form of site is an old site which has been pre¬ 
viously used, but even then the surface should be again 
prepared if at all uneven, the small pieces of charcoal lying 
on the site being broken up and mixed with the soil. 

The site should be traced out in the form of a circle of 
the required radius. It is advisable, when there is much wood 
to be carbonised, to have several kilns close together. 


(3) Building the Kiln. 

The kiln is built up by two tiers of billets stacked vertically, 
and a third, the topmost, stacked horizontally {vide plate 
XII, fig. l). If the vertical billets are cut 3 feet in length, and 
the topmost tier is stacked 2 feet thick in the centre, the height 
of the kiln will be 8 feet, which, as stated above, is a convenient 
average height. Large kilns may be composed of more than 
two tiers of vertical stacking. 

Before stacking is commenced it is necessary to construct 
a Hue or chimney up the centre. This is done by driving 
three upright stakes into the ground in the centre of the site, 
the stakes being a foot apart and forming an equilateral 
triangle; their height above ground should be at least 
equal to the total height of the kiln. These stakes are bound 
round with withes or twisted grass so as to form a hollow 
chimney, which is filled with dry combustible material, such 
as straw, shavings, chips of wood, or branches. The kiln may 
be fired either from above or from below: in the former case 
the smallest pieces are placed on the top, and in the latter 
case they are placed below. A small board is usually placed 
on the ground at the bottom of the flue to keep oft’ the damp 
of the soil. 

To ensure a correct shape for the kiln, the circumference 
should be carefully pegged out in the form of a circle. The 
stacking then commences from the centre. The billets 
are all cut to the same length, trimmed straight, and stacked 
as closely as possible; they should rest on their thick ends 
so that the necessary slope of 60° to' 70° may be given to the 
outside of the kiln. A few thin split billets should be placed next 
the chimney to ensure the wood catching fire readily. 
The thickest billets should be placed where there will be most 
heat, that is, about half-way along the radius. Great care 
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should be taken to see that the regular paraboloidal shape 
of the kiln is maintained during stacking, while all interspaces 
should be filled up with smaller pieces of wood. 

If the kiln is to be fired from below, a narrow passage, 
extending along one radius from the centre to the circum¬ 
ference, should be constructed along the ground; this is necessary 
for lighting purposes. This passage is made by laying a 
straight pole along the ground, carefully stacking the billets 
over it in the form of an X, and withdrawing the pole after 
the stacking of the kiln is completed. 

The stacking of the two lower tiers, and even of all 
three tiers, can proceed simultaneously. The second tier 
is stacked in the same way as the lowest tier, but the. top 
tier is stacked horizontally, various sized billets being used, so 
that the rounded shape of the top of the kiln may be obtained. 

(4) Covering the Kiln. \ 

In order to exclude all air except what is absolutely necessary 
to maintain combustion, the kiln has to be covered over with 
some material pliant enough to yield without breaking as 
the kiln subsides during carbonisation. It has been found 
by experience that the best covering consists of two layers, 
an inner layer composed of turf, soft green grass, leafy twigs, 
ferns, moss, or green weeds, and an outer layer of wet earth, 
preferably mixed with charcoal dust, which is plastered oyer 
the inner covering: this outer covering should consist of fine 
earth free from stones and other large fragments. The inner 
covering is laid on commencing from above, and should be 
thick enough to prevent the earth of the outer covering 
from falling through. It should not be made too thick near 
the ground level until combustion has well started, when it 
can be closed up. The chimney should also be kept 
uncovered till the kiln is well alight. 

The outer covering is usually plastered on commencing 
from below, and should be thicker on the top than on the 
lower parts. Round the ground level the kiln is frequently 
left uncovered at first, the covering being applied as burning 
proceeds. The covering has to be kept from sliding off the 
steep sides of the kiln ; this is done by supports consisting 
of upright forked sticks a few feet apart, with horizontal 
poles resting on the forks. Two or three tiers of such supports 
may lie necessary. 

If the kiln is not in a sheltered place a screen of branches 
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or thatch-grass should be erected on the windward side of 
the kiln. 

(5) Firing the Kiln. 

If the firing is done from the bottom, a pole with a bundle 
of burning straw tied to the end of it is pushed along the 
passage made for the purpose, and the inflammable material 
in the chimney is set alight; as the material in the chimney 
sinks during burning more material is stoked in from the 
top until the kiln is well alight, after which the 
chimney is filled tight with short billets of wood to prevent 
the stacked material from falling in. The lighting passage is 
then also filled with billets, and its entrance, as well as the 
top of the chimney, is covered over. 

In firing from above, a dish of live charcoal is thrown 
in from the top; the burning charcoal is then mixed up with 
the inflammable material in the chimney by means of a stick. 
When the kiln is well alight the chimney is filled, as before, 
with short billets and the top is covered. 

Firing from below renders the stacking more difficult 
than firing from above, but the latter is less certain in its 
results than the former, as the fire, if applied from above, 
may fail to reach the bottom of the chimney, causing retarda¬ 
tion in the carbonisation of the lowest tier. 

(6) Method of Conducting the Burning. 

When the kiln is well alight the fire spreads outwards 
from the centre in the form of an inverted cone with the base 
gradually widening outwards. The first sign of burning 
is that bluish-grey vapour (steam) issues forth from the sur¬ 
face of the kiln ; this is followed by a thick pungent yellowish- 
brown smoke, which in turn gives place to a clear blue flame 
when carbonisation is complete. From these characteristic 
signs the charcoal-burner can trace the progress of the burning. 

Theoretically the burning should proceed evenly all round 
the kiln until it reaches the base, when the whole lain becomes 
carbonised. In practice, however, this is never attained, 
owing to unequal stacking, currents of air, and other circum¬ 
stances : hence it is necessary to regulate the burning so as 
to keep it as even as possible. This, is done by making small 
holes through the covering with a stick just in front of the 
line of burning in places where the combustion is too slow. 
Where the burning is proceeding too fast the covering should 
be thickened. In this way the charcoal burner should 
endeavour to keep the circle of smoke at the same level all 
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round the kiln. All holes should be closed up as soon as the 
blue flame appears after the thick smoke, as this is a sign 
that the charcoal is on fire: fresh holes should then, if neces¬ 
sary, be made lower down. 

During burning the contents of the kiln subside through 
loss of volume; this causes cracks to appear in the covering, 
while hollows are sometimes formed, the covering sinking 
and often breaking. All cracks should at once be mended; 
as they cannot usually be closed up by plastering them over, 
the best way to mend them is to quickly break off all loose 
edges and replace them with fresh mud. Hollows should at 
once be filled up; this is done by quickly removing the cover¬ 
ing, pushing in fresh billets, and covering over the gap as 
rapidly as possible. The charcoal-burner should frequently tap 
the sides of the kiln with a thick stick to detect the presence 
of hollows before the covering actually falls in. 

The kiln has to be carefully watched by night as well 
as by day. Before nightfall all cracks and hollows should 
be filled up, and the cover thickened on the side from which 
the wind is expected to blow, and especially round the base 
of the kiln, where draughts are most liable to enter. At 
intervals during the night the kiln should be examined for 
cracks and hollows, and a supply of dry straw or grass should 
be ready for lighting in case light is required in an emergency. 

When the smoke has reached the base of the kiln, and 
has been replaced by blue flame, which in turn disappears, 
the carbonisation is complete, but as the charcoal smoulders 
for some time after it should be carefully watched, the covering 
being thickened where necessary to prevent the outbreak 
of fire. 

(7) Opening the Kiln. 

The great danger in opening a charcoal-kiln is that the 
charcoal takes some time to cool, and may burst into flame 
if the kiln is opened too soon. For an average-sized kiln 
the kiln should if possible be left for a week or more before 
opening. If this is impracticable it may be opened sooner 
if proper precautions are taken: for this purpose the k iln 
should be. opened only at night, when the air is damp and cool, 
and because smouldering pieces can then be easily detected. A 
small section of the kiln is broken down on one side, the charcoal 
raked out, and the hole is quickly covered up again: all smoul¬ 
dering pieces are separated and covered with earth until the 
glow is extinguished, or a small quantity of water may be 
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used for this purpose. A new hole is then made in another 
part of the kiln, and more charcoal is taken out: this operation 
is repeated at different points in the side of the kiln until all 
the charcoal has been extracted. Water should never be poured 
over the charcoal in large quantities, as it spoils the quality 
of it. 

As soon as the charcoal is cool enough it shoidd be sorted 
and put away under cover, as it absorbs moisture readily. 
Even if the greatest care is taken in the carbonising operations 
it will be found that some of the wood is not completely 
converted into charcoal; such half-carbonised wood should be 
kept for use in kindling fresh kilns. 

2. The-Oven Kiln. 

The distinguishing feature of this form of kiln is a thick 
covering of mud which at the first burning of the kiln becomes 
baked into a hard crust. The charcoal is taken out through 
a hole made in the side of the hard covering, which can then 
be re-filled with wood and used again several times. 

The details of manufacture in such kilns vary! In some 
localities they are built entirely above ground and in others 
a circular hole 1J- feet deep is dug as a foundation for the kiln. 
These kilns are paraboloidal in shape, and vary from 9 or 
10 feet to about 14 feet in diameter, the height being about 
6 or 7 feet. The wood is stacked vertically as in the ordinary 
paraboloidal lain, and an outer covering of mud is plastered 
over an inner layer of leaves to a thickness of some 6 inches. 
No chimney is used, the kiln being fired through holes in 
the covering at ground level: a hole, however, is sometimes 
left in the top until the wood is well alight. 

During the burning, which occupies from three to ten days, 
hollows are not broken in and filled up as in the ordinary para¬ 
boloidal kiln, but the covering is allowed to bake into a hard 
crust. Cracks are plastered over with wet mud wherever 
they occur. After burning is completed the charcoal is allowed 
to cool for two days, when the kiln is opened by breaking a 
hole in the side. After theycharcoal is removed the kiln is 
re-filled with wood and again kindled. 

The yield of charcoal is smaller in the first burning than in 
the subsequent burnings. 


3. Pit Kilns . 

A pit kiln is a kiln the lower part of , which is stacked within 
a pit dug in the ground : the object of this pit is partly to 
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reduce the area over which the covering has to be made and 
looked after, and partly to facilitate the exclusion of air. The 
depth of the pit varies, but where it is great vent-holes have 
to be dug obliquely through the ground leading to the bottom 
of the pit. A convenient form of pit is a circular pit 1 to 2 
feet deep : the shape of.the kiln would then be paraboloidal. 
At the bottom of the pit a layer of dry leaves and twigs, 4 to 
6 inches deep, is .first spread, to ensure the fire extending 
along the bottom of the pit and also to absorb liquid products, 
which cannot escape from the pit. 

The stacking may be either horizontal, or vertical as in the 
parabaloidal over-ground kiln; the former is usually adopted. 
When stacking a pit kiln horizontally, pieces of different size 
are used, some being placed radially and some tangentially; 
each layer should be packed closely before the next layer is 
placed on it. The advantage of horizontal stacking is that 
billets of all sizes may be used. 

Up the centre of the kiln a chimney is constructed, and 
firing takes place from the top. The sides of the kiln at the 
ground level should be kept open until the fire has spread some 
distance down into the kiln, while it may be necessary to keep 
one or two holes open at the ground level until carbonisation 
is complete. 

Horizontal stacking, owing to the fact that billets of all 
sizes can be used, is less expensive than vertical stacking: 
it is, however, difficult to do well, but this is not such a serious 
drawback where the pit kiln system is employed as where the 
stacking is done entirely above ground. The outturn of 
charcoal from horizontally stacked pit kilns is considerably 
less than that obtained from over-ground paraboloidal kilns. 
Where skilled charcoal-burners are not available the horizon¬ 
tally-stacked pit kiln is a' suitable form to adopt. 


4. The Prismatic Kiln. 

1 he name given to this form of kiln hardly describes its 
shape. The base is a rectangle, but the sides are more or less 
rounded. In this form of kiln the wood is stacked horizontally, 
and its chief advantage is that the pieces do not require to be 
cut up so small as in other methods: the most convenient 
mode of stacking is to place all the longest pieces at the bottom, 
running, if necessary, throughout the whole length of the kiln. 
There is no chimney, but a passage is left along the ground, 
extending from one end of the kiln to the other ; this is filled 
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with combustible material and fired from both ends. The 
prismatic Inin is easy to construct, but is somewhat difficult to 
cover, and is liable to breakage through unequal settling. 

5. The Hill Kiln. 

This is a special form of kiln, usually of small size, adapted 
for hilly country where level sites are difficult to obtain aud 
strong winds make the conduct of burning operations difficult. 
The base of the kiln is rectangular, and its general shape is 
shown in plate XII, fig. 2, which gives a longitudinal section 
through the kiln. 

The site of the kiln is prepared by making in the side of a 
hill a cutting, the base of which should slope slightly out¬ 
wards ; the side of the cutting should slope at an angle of about 
60°. The site should be allowed to settle for some time before 
use, as the outer part is made of earth. 

As the kiln is sheltered on the hill-side and exposed to winds 
on the valley-side, the carbonisation will be more rapidly 
carried out on the latter side; hence towards the outside the 
kiln should be highest and should contain the largest billets. 
The wood is stacked horizontally, and a passage (a a') is made 
along the ground, extending right through the kiln from front 
to back; this is filled with combustible material, and is used 
for firing the kiln. The usual covering is applied over the kiln, 
but a vent-hole, h, is left at the back; this is kept open 
until carbonisation is nearly complete. The outer face of the 
kiln, being steep, has to be supported by struts, as shown in the 
diagram. The front of the firing-passage is left open until 
the kiln is well alight, when it is closed and holes are made in 
the sides of the kiln and at either side of the vent-hole 6, as 
required. 

Section III. —Yield of Charcoal. 

The amount of charcoal yielded by a given volume of 
wood varies according to the circumstances under which the 
burning is done : in unfavourable weather, or where the stack¬ 
ing and burning is carried out carelessly or unskilfully, the 
yield will be comparatively small. Assuming, however, that the 
burning has been properly done in favourable weather, the y ield 
will still depend on the nature of the wood used and the system 
of carbonisation employed. As regards the \vood, dry wood 
will naturally yield a greater proportion of charcoal for its 
volume and weight than green wood, as the former has already 
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shrunk and lost weight to a certain extent. Resinous or oily 
woods usually produce more charcoal than other kinds, owing 
to their greater inflammability, which ensures proper burning 
throughout the kiln. 

The method of burning employed affects the yield of char¬ 
coal considerably. It has already been said that the most 
wasteful method is the open pit method. 

In specially built retorts the yield is largest. As far as kilns 
are concerned, an accurate comparison of the yield from the 
various kinds of kiln is not possible without reliable figures, 
which are not available. A fair yield of charcoal from any 
kiln is usually put down at 20 to 30 per cent, by weight. 
Figures from Kheri, Oudh, give the yield by weight of 
charcoal made in oven kilns at 36 per cent. Figures regarding 
charcoal have, however, to be accepted with caution, because 
charcoal absorbs moisture rapidly and increases considerably 
in weight during damp weather ; hence comparative figures can 
be accurate only if the charcoal is weighed immediately it is 
taken out of the kiln, and even then there may be local 
climatic conditions which affect the yield differently in 
different places. For these reasons a comparison of the various 
kinds of kiln as regards quantity of charcoal produced would 
be misleading. It has been proved, however, that where 
firing is done from below, the yield is usually greater than 
where the firing is done from above, because in the former 
case the fire spreads more readily through the entire kiln, 
carbonising a larger proportion of wood than if the 
fir ing is done from above. Vertical stacking is also said 
to produce a higher yield than horizontal stacking, though 
much will naturally depend on the care and skill of the char¬ 
coal-burners. 

Section IV.— Properties of Good Charcoal. 

Charcoal is a dry, black, porous, but fairly hard substance, 
with a lustrous appearance, of low specific gravity, and with¬ 
out taste or odour. Its weight is more or less proportional 
to the weight of the wood from which it is made. Charcoal 
absorbs moisture readily, and may in damp weather weigh 
more than double of what it weighs in dry weather; hence 
it is preferable to sell it by volume rather than by weight. 

Good charcoal is black with a metallic lustre and conchoidal 
fracture, should give a clear ringing sound when struck, and 
should burn without smoke and with a clear transparent flame. 
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If the charcoal has been allowed to bum too long in the kiln 
it becomes deep black and loses its lustre, becoming more 
porous and lighter: such charcoal takes fire quickly, burns 
without smoke or flame, and is quickly consumed. If the 
wood is incompletely carbonised the charcoal has a leddi 
colour, and gives out much smoke m burning. 
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CHAPTER II. 

THE MANUFACTURE OF TURPENTINE AND 
COLOPHONY. 

The method of tapping pine-trees for crude resin has been 
explained on pages 168 to 171; we shall now consider its 
conversion into turpentine and colophony. The resin is usually 
strained through sieves before it leaves the forest, in order to 
remove pine-needles and other impurities, this being done in 
the heat of the day when the resin becomes more or less liquid: 
it is then transported to the distillery in closed tins, and there 
it is more thoroughly strained through sieves and cloth in order 
to remove all impurities, being first sufficiently heated to make 
it liquid. 

Crude pine resin consists of two principal constituents, 
oil of turpentine, a liquid, and rosin or colophony, a substance 
solid at ordinary temperatures. If the crude resin be heated 
with a little water to a temperature of approximately 165° C. 
the oil of turpentine distils out, and the colophony remains 
behind : the actual temperature necessary varies with different 
species of pines, though the range is very narrow, that required 
for distilling the turpentine of Pinus longifolia being about 
158° C. The actual form of still employed varies ; a simple 
and effective still suitable for local use in India is that figured 
on plate XIII, which should be referred to. The crude resin 
is introduced into the copper boiler a through a hole at the top, 
b, about £ of a gallon of water being added to each maund 
of resin; the hole is then tightly plugged, and a fire is lighted 
below the boiler. The steam thereby generated, containing 
oil of turpentine, passes up through the dome c and along a 
copper pipe, d, which terminates in a spiral worm passing 
through a condensing tank, e, through which a constant stream 
of cold water flows from a tank, /, to another tank, g. The oil 
mixed with water issues from the condenser into the receiver h, 
the oil remaining on the top and the water sinking to the bot¬ 
tom. After about a gallon of turpentine oil has been distilled 
over, water is gradually introduced into the boiler through a 
bent funnel, drop by drop, from the water-tank i. When the flow 
of oil into the receiver, h, becomes small and shows signs of ceas¬ 
ing, the water from the tank i is shut off; this is very necessary, 
as if water is left in the colophony it becomes opaque. The 
boiler is then heated up for a few minutes to drive off any 
water remaining in it, and the fires are extinguished, after 
which the colophony is passed out through the tap Jc , filtered 
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through cloth or pressed cotton, and allowed to cool in pans. 
The turpentine, after being drawn off from the receiver, is 
shaken up in clean water, to remove any acetic or pyroligneous 
acid, and is allowed to settle again, being then again drawn off 
and finally filtered through blotting-paper. 

Where water is not readily obtainable the water which 
passes into the tank g is allowed to cool and can be used over 
again. Where a plentiful supply of water is available, and can 
be laid on by pipes from outside, the two water tanks / and 
g can both be dispensed with, the water being led straight into 
the condenser. Care should be taken to heat the boiler 
gradually at the commencement, otherwise the resin, if 
overheated, is liable to overflow and choke the condensing 
pipe; to prevent a similar accident the dome c and the 
perpendicular part of the pipe above it should be not less 
than 2 feet high. 

The dimensions of the still differ according to requirements : 
the capacities of the stills in India ordinarily vary from 2 to 6 
maunds of crude resin, and it has been found possible to work 
4 charges per diem. The pattern of the turpentine-receiver 
varies; in some receivers the turpentine flows off of its own 
accord into storage tanks, while the receiver shown in the 
diagram consists of a copper cylinder, with glass on the side, 
fitted with two taps, turpentine being drawn off by the upper 
and water by the lower one. One maund of the crude resin of 
Finns longifolia produces on an average 1| gallons of turpen¬ 
tine and $ maund * of colophony. 

There are more elaborate forms of stills where the dis¬ 
tillation is carried out by means of superheated steam, a method 
which is said to give a better quality of colophony than the 
method described, in which the colophony is apt to contain 
an excess of moisture and oil of turpentine. 

Colophony is used chiefly in soap-making, for sizing paper, 
soldering, and in the manufacture of sealing wax, varnishes, 
cements, and ointments. Oil of turpentine is largely used 
in the preparation of paints and varnishes, as well as in 
medicine. 


* 1 maund=80 lbs. avoirdupois. 



224 


CHAPTER III. 

THE EXTRACTION OF VARIOUS OILS AND TARS. 

Section I. —Sandalwood oil. 

Sandalwood oil is obtained by distilling by tbe wet process 
chips of the heartwood of the sandalwood tree (Santalum 
album), the root-wood 1 being preferred. Although part of the 
sandalwood oil of commerce is distilled in Europe from wood 
exported from India, the oil is also locally distilled in some 
parts of the Madras Presidency, the stills employed being of 
a primitive kind. The form of still used] varies slightly in 
differenUplaces, but the principle of the^still is as shown 
in plate *XIV, fig. 1: a is a large earthen pot placed above 
a furnace, / ; into the pot a are put about 6 gallons of water 
and 56 lbs. of fine sandalwood chips, and a small inverted brass 
pot, b, is then placed over the pot a and tightly fixed to it 
by means of clay and cloth. 

From the pot b a copper tube about lj inches in diameter 
and from 3| to 5|- feet in length leads into another copper pot, 
d, of about 3 gallons capacity, which is suspended in a trough 
of cold water. The mouth of the pot d is covered with leaves 
and coarse grass. When the boiler a has been charged the fur¬ 
nace is lit, large fuel billets of above 6 inches diameter being 
used to produce a strong steady heat; the steam thus generated 
passes down the pipe and condenses in the vessel d, in which 
the water collects with oil floating on the surface. The oil 
is skimmed off and collected in another vessel, only a small 
quantity of oil being obtained each time. In a still of the 
size here mentioned one boiling takes 21 days, when the 
boiler is immediately re-charged; the fire is kept burning 
night and day. As many as a dozen such stills are usually 
constructed side by side in a line, the whole system of stills 
being set in mud bricks. The diagram gives the end elevation 
of such a system of stills, showing a single complete still side 
yiew. 

Sometimes the boiler has no inverted pot over it, the copper 
tube leading straight out of a lid fitting tightly to the top 
of the boiler. In some stills there are two tubes leading out of 
one boiler, the lower end of each tube fitting tightly into a 
narrow-necked copper condensing pot, there being thus two 
condensing pots in each cooling-tank. 

The average outturn per annum for a still of the capacity 
mentioned above is estimated to be about 21 lbs. of oil. The 
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yield of sandalwood oil is generally put down at 2| per cent, 
of the wood used. 

Section II.— Deodar Oil. 

Deodar oil is obtained by the destructive distillation of chips 
of deodar wood. The chips are placed in an earthen vessel 
with a narrow mouth, which is inverted into an empty vessel 
with a broad mouth. Fire is then applied round the vessel 
containing the chips, and the oil trickles down into the 
lower vessel: sometimes the chips themselves are lighted in¬ 
side the inverted vessel, this causing the expulsion of the oil. 
The oil obtained by this primitive method is by no means 
pure, being mixed with acids and tarry ingredients. 

Section III.— Pine and Teak Tar. 

Tar may be obtained from any species of pine, the chief 
species employed in India being Pinus longifolia. There are 
two principal methods of manufacture. In Jaunsar the method 
employed is as followsA kiln is built of stones and mud- 
mortar, the inside, which is egg-shaped and tapers towards 
the bottom, being faced with lime : the internal dimensions are 
height 5 feet and maximum diameter also 5 feet. At the 
bottom is a perforated iron plate, while at the top is an opening 
2 feet in diameter. Pieces of pine wood 1 to 2 feet long and 4 
to 6 inches in girth are introduced through the upper opening 
and packed as tightly as possible inside; the opening is then 
closed with stones and mud, except for three small holes to admit 
air. The wood is lit from the top and burns downwards, the rate 
of burning being regulated by closing or enlarging the holes. 
Crude tar mixed with acids drips through the perforated 
plate and is collected in tins placed below, charcoal remaining 
within the kiln. The burning takes about 9 days to com¬ 
plete, the charge of 15 maunds of wood producing maunds 
of tar and 6 maunds of charcoal. 

The second method, which does not produce so much 
tar and charcoal per unit of wood, is as follows Dry chips 
of wood are placed in an earthen pot, in the bottom of which 
a few small holes have been drilled; the mouth of the pot 
is then closed with clay, and the pot is placed over a smaller 
pot which has been placed in a hole in the ground, the joint 
between the two pots being then tightly luted with clay. 
Fire, usually of cowdung, is applied round the upper pot 
and kept burning for 8 or 9 hours, the tar dripping through 
17711. G. F. 9 
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the holes into the lower pot and charcoal remaining in the 
upper one. It is preferable to have two or three sets of pots 
close together and one fire applied round the whole; by this 
means the cost is considerably reduced. 

Pine tar is used in India for tarring bridges, posts, roofs, 
etc .; by itself it is somewhat thin and liable to wash off, and 
usually requires to be mixed with one-third coal tar. 

Tar can be obtained from teak by the same methods 
and is used for the same purposes, and also for anointing sores 
on buffaloes. 

Section IV.— Rusa-Grass Oil. 

The distillation of Rusa-grass oil, from Cymbopogon 
Martini, is carried out in various parts of Central 
India by a method of wet distillation similar in principle 
to that employed for the distillation of sandalwood oil, the 
chief points of difference being that in the distillation of Rusa- 
grass oil an iron boiler and a bamboo tube are employed 
in place of an earthen boiler and a copper tube, while the 
condenser is placed in a stream instead of in an artificial 
water trough. 

The oil is distilled chiefly from the flowers, the best season 
for collecting being from the middle of September to the end of 
October. The flower-stems are cut to a length of about If 
feet from the top, so as to obtain only the flowers and a few 
of the upper leaves, and those which cannot be immediately 
distilled are tied in small bundles and dried, in the shade 
if possible, and stacked near the still. Distillation is carried 
out from the middle of September to the end of December. The 
distilling apparatus (vide plate XIV, fig. 2), consists of an 
iron boiler a, varying in capacity, into which the grass is 
tightly packed, water being added in the proportion of about 
45 gallons of water to 100 lbs. of grass; the lid, a flat disc 
of iron or wood, is then fixed tightly to the mouth of the 
boiler by a luting of pulse flour, the lid being held down by 
iron clamp- or weighted with large stones. In the centre of 
the lid is a round hole about if inches in diameter, through 
which the bamboo tube b is admitted. This bamboo distilling- 
tube consists of two parts, an upright piece, about If feet long, 
fitting into the boiler and a long piece, varying from 6 to 8 feet 
in length, fitting into the condenser c. These two parts of the 
tube are firmly fixed together at an angle of about 75° by 
the aid of a wooden peg and a tight binding of cloth and string. 
Both parts of the tube are tightly bound round with string 
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throughout their whole length, except for about 6 inches at 
the end which is fixed into the boiler and another 6 inches at 
the end which is fixed into the condenser: this binding gives 
strength to the tube. Where the string binding ceases at 
the condenser end a shoulder of rag and string is bound 
round the tube to act as a stopper. The condenser c is a 
copper vessel with a long narrow neck about 2 feet in length, 
into which the bamboo tube is fixed tight by the cloth 
stopper. The condenser is placed in a stream of water, the 
upper part of the neck projecting above the water. 

When the boiler has been charged with grass and water 
a fire is lit below it, the steam generated passing along the 
tube into the condenser, where it condenses into water 
mixed with a small quantity of oil. After a period varying 
from 2 to 4 hours no more oil is obtained, and the con¬ 
denser is detached from the tube. To separate the oil from 
the water one method is to pour the contents^of the condenser 
into a circular basin and stir the liquid round rapidly with a 
spoon : the oil then collects in the vortex formed in the centre, 
and can with care be skimmed off quite pure. Another 
method of separating the oil is to fill the condenser up to the 
brim with water, when the oil rises to the surface and can be 
scooped out. 

The Rusa-grass loses about 40 per cent, of its weight in 
drying: it is estimated that 100 lbs. of dry grass with 45 gal¬ 
lons of water will produce on an average 12 ounces of oil. 
The oil constitutes about 1 per cent, of the distillate collected 
in the condenser. 
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CHAPTER V. 


THE MANUFACTURE OF CUTCH AND KATH. 

There are three different substances obtained from the 
heartwood of Acacia Catechu, and also from the less common 
A. Suma, known as (1) Cutch, or so-called dark catechu, of 
a rusty brown or dull orange colour, a brittle texture, and 
with a shining fracture, (2) Kdth or Katha, a grey-coloured 
crystalline substance, and (3 ) Keersal, a pale crystalline sub¬ 
stance occurring as a deposit in the heartwood, and obtained 

from cavities in the wood. , 

Cutch, which is an important commercial product ana 
is largely exported, is used as a dyeing agent, being much 
employed for dyeing canvas a brown colour, and for dyeing 
fishing-nets* to which it acts as a preservative; as a tanning 
material it is not satisfactory, as the leather produced is apt 
to give a yellow stain. Cutch is also extensively used in 
medicine as an astringent. Kdth is used for eating with pan, 
and is sold in bazars for this purpose: it is not exported. 
Keersal is much valued as a medicine by the Hindus. 

Cutch and kath are both obtained by boiling down chips 
of the heartwood of Acacia Catechu. Cutch contains two 
distinct substances, a variety of tannic acid called mimotan- 
nic acid or catechu tannin, which is soluble in water, and 
eatechin or catechuic acid, which is insoluble except in hot 
water: the two substances are present in about equal pro- 
TtAf.h consists chiefly of eatechin, obtained by 



• WQNVi 0 



1 


229 

10 per cent, of tlie weight of wood used. In Burma cutch 
was. formerly adulterated with extracts of the harks of vari¬ 
ous species of Terminalia, but this has been made illegal. 

The preparation of hath is similar to that of cutch in its 
first stages, but the subsequent operations vary in different 
localities. The chips are boiled and the liquid re-boiled 
with fresh chips until it becomes thick, when it is poured into 
moulds dug in fine dry sand, which absorbs much of the 
tannin in solution, the catecliin crystallizing out. Another 
method is to pour the thick extract into a wooden trough 
made of Moringa or Bombax malabaricum, adding a small 
quantity of castor-oil seed: after remaining in the trough 
for about twelve hours until it has attained a jelly-like con¬ 
sistency, the extract is thrown into a hole dug in the ground, 
where it remains for about two months, after which it is 
spread on sand, cut up into small bricks, and sold. 

Kath-boilers are careful to select only trees whose heart- 
wood contains spots of white deposit; this they do by cutting 
into the heartwood and leaving the tree for several hours, after 
which the spots, if present, become clearly visible. Dead trees 
show the spots at once if they exist. Iron cauldrons are care¬ 
fully avoided in the preparation of kath, as the iron destroys 
most of the catechin. 

The local methods of manufacturing cutch and kath are 
extremely wasteful, as a large quantity of the tannin and 
catechin remain in the chips after boiling, owing to the size 
of the chips : also the kath as usually manufactured contains 
a large proportion of sand owing to the crude method em¬ 
ployed in filtering off the tannin. Experiments by Dr. Leather 
have led to the following conclusions: — 

(1) The wood, instead of being chipped, should be shaved 
fine with a plane, and the shavings used loi boiling, as tl.u 
amount of extract obtained from shavings is more than three 
times that obtained from an equal weight of wood. Sawdust 
produces nearly as much extract as shavings, but it is dime ult to 
separate it from the distillate after boiling. (2) Large quantities 
of water are unnecessary for boiling the wood, as the water 
has to be evaporated, causing much waste of fuel ; it is hardly 
necessary to employ more than 10 parts of water by weigat 
to one part of wood. (3) It is not necessary, it shavings be 
employed, to boil for more than half an hour, as compared 
with the long period of boiling occupied under the ordinary 

methods of manufacture. , ,■ i . ,v 

Dr. Warth had previously recommended that the 





230 


manufacture of tannin and catechin should be carried out 
simultaneously by producing shavings by machinery, boiling 
them in 20 times their weight of water for half an hour, and 
leaving the extract thus obtained to cool; the catechin is 
thus precipitated, and the liquid portion is got rid of in a 
filter press, the residue in the filter, as well as the liquid, 
being then evaporated in vacuum pans to hasten drying, 
the liquid yielding the tannin and the residue the catechin. 

By means of the filter press and drying in vacuum pans 
the time taken to separate the catechin is hastened. This 
is of importance, as catechin decomposes quickly if kept in 
solution, and although it is insoluble in water at ordinary 
temperatures it takes a long time to precipitate in a solution 
containing so much tannin. By means of these improvements 
in manufacture trees ordinarily rejected by kath-boilers can 
be utilized, as cutch and kath can both be obtained from wood 
containing no white deposits. By utilizing shavings instead 
of chips the yield of extract (including tannin and catechin) 
obtained in the various experiments made has been 14f to 24 
per cent., most being obtained from wood with white spots. 
With chips, from 2| to 4f per cent, of extract was obtained 
in similar experiments. The percentage of catechin to wood 
varied, in these experiments, from nearly 6-| to 9 when obtained 
from shavings, and from under 1 to If where chips were used. 
An analysis of bazar kath gave under 60 per cent, of catechin, 
the remainder consisting of tannin and sand. 
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CHAPTER V. 

THE PREPARATION OF TANNIN EXTRACTS. 

Bark and wood for tanning purposes are bulky articles 
to transport to a distance, and Fence certain methods have 
been devised for preparing tannin extracts from them; these 
extracts have the advantage, not only of portability, but also 
of shortening the process of tanning to a few weeks, as compared 
with the old system of stratifying hides alternately with layers 
of ground bark, a process which took from one to two years. 

There are various methods of preparing tannin extracts, 
the following being the various steps of the process, some or 
all of which are gone through : —(1) The bark or wood is chopped 
into small pieces across the grain, so that the fibres may be 
cut across; this is done on a large scale by machinery. (2) 
These chips are subjected to the action of hot water or steam 
in order to extract the tannin, which is mixed with othei 
substances. Boiling water is not necessary for the extraction 
of tannin. The lime usually present in water diminishes the 
yield of tannin, so that a small quantity of sulphuric or oxalic 
acid has to be added to the water to precipitate the lime, the 
excess of acid being afterwards neutralized by the addition 
of an alkali. The alternative is to employ distilled water, 
which, however, is expensive. (3) Che colouring matter 
present in the extract has next to be removed : this is done by 
treating with an albuminous substance—blood has hitherto 
been found most suitable—or with metallic salts, or by centri¬ 
fugal force. Each method causes some loss of tannin. (4) The 
extract is mechanically filtered, and then evaporated in vacuum 

1>aU In establishing a factory for preparing tannin extracts 
proximity to the forest is a great advantage, as the cost of 
transporting the bark or wood to a distance would consume 
any income derived by the sale of the extract. A tannin 
factory was started by the Forest Department m Rangoon m 
1901. So far the sale'of the extract has not paid for the 
cost of production, and the factory may still be said to be m an 
experimental stage. The process of manufacture is to subject 
small chips of bark or wood to the action of hot water at a 
temperature of about 150° F. in a large vat for three houis, 
the liquor is then conveyed into a second vat containing moie 
chips without water, and subjected to the same treatment, 
after which it is conveyed into a thud vat containing more 


chips, to which it is usually found necessary to add more water. 
After treatment in these vats the liquor is conveyed to vacu¬ 
um pans and the moisture removed as far as possible. / The 
extract thus prepared has hitherto had the disadvantage of 
conta inin g too much colouring matter, though experiments 
have been repeatedly made to remedy this defect. So. far 
the only two barks considered likely to prove a commercial 
success are those of mangrove (chiefly Rhizophora mucronata), 
and to a lesser extent Terminalia tomentosa, these being 
obtainable reasonably near to Rangoon. There are other 
barks, as well as woods, which have been proved to yield 
good extracts, but which would have to be transported 
from too great a distance, or are not available in sufficient 
quantity. A good quality of cutch from the wood of Acacia 
Catechu has been manufactured at this factory, but the cost 
of transporting the wood from the forests to Rangoon is too 
great to afford any chance of commercial success in the ' 
manufacture of cutch. 

Among the various methods of manufacturing tannin 
extracts probably the most suitable for India is that known 
as Villon’s process, which requires no chemicals, is very simple, 
and produces a good quality of extract with a high percentage 
of tannin. A drawing of the apparatus is given on plate XV. 

It consists of a brass or copper vessel, square in section, and 
divided into three parts by perforated partitions (A A' and 
B B'). Resting on the lower partition is a framework like a 
square sieve with a bottom of stout wire gauze, which can be 
raised up by four rods, one at each corner (two, r r, are visible 
in the diagram); the sieve can thus be raised up to empty it 
out. A pipe about 3 inches in diameter runs up the centre of 
the apparatus, reaching to a few inches from the bottom and a 
few inches above the uppermost partition. The central 
compartment is filled tight with chips or shavings of wood or 
bark, and the top is closed down : distilled water is introduced 
through the tap t x until the lowest compartment is about 
three-quarters full, and then steam is introduced through the 
tap t 2 . The water soon boils, and the pressure of the steam 
forces it up the central pipe into the top compartment, whence 
it percolates through the chips back to the lowest compartment, 
carrying with it the extract in solution. In this way a constant 
circulation of liquid through the chips is kept up; the liquid 
can then be drawn off through the tap l 3 and conveyed in turn 
into other similar boilers full of new cliips and the process 
repeated until a liquor of great strength is obtained, which 
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requires very little further concentration. There appears to be 
no 1 reason why the apparatus should not be made of wood at 
little cost. Its simplicity and portability render it well adapted 
for the preparation of extracts in proximity to the forest, Ike 
amount of water required is comparatively small. 

There are several rough and ready methods of manufacturing 
tannin extracts, for example, that employed for making 
cutch, the general principle being to heat the chips^o 
shavings with water and continue heating the liquor 
obtained with successive fresh relays of chips. It is essential 
that the chips should be very fine, being even pounded in 
the case of bark, while in the case of wood shavings are the 
most suitable form of fragments to employ. 
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CHAPTER VI. 


THE ANTISEPTIC TREATMENT OF WOOD. 

Section I.— General. 

When durable woods are not available in sufficient quantity 
it is necessary to employ less durable woods, which, however, 
can be treated by one of several processes in order to render 
them more durable. 

Such antiseptic treatment of wood is perhaps of more 
importance in the case of railway sleepers than for any 
other class of timber, but it can be applied to piles: bridge 
and house timbers, telegraph-poles, and any other class of 
timber where durability is specially required. If suitable 
methods of rendering timber more durable were introduced 
into India on an extensive scale, the results would be of great 
benefit, as large quantities of wood at present considered 
unsuitable for railway sleepers could be made durable enough 
to serve their purpose as such. 

The methods of rendering wood more durable may be 
broadly divided into two totally different classes: (1) by 
injecting an antiseptic solution into the timber after removing 
the sap, (2) by retaining the sap and converting its component 
materials, through heat, into antiseptic substances, without 
the addition of any foreign substance; this process is known 
as Haskin’s process. 


Section II.— Antiseptic Treatment by 
Impregnation. 

1. Substances Employed. 

A number of different substances have been tried from 
time to time, but those most generally employed are the 

following:— . 

(1) Sulphate of copper.— Impregnation with this substance 

is known as the Boucherie process, haying been first employed 
on a large scale in France by Boucherie. The chief advantage 
of this method is its cheapness. The wood is rendered harder, 
though more brittle and weaker. The sulphate of copper 
is apt to become easily washed out of wood exposed to rain 
or other water, while it acts on any iron bolts or fastenings 
with which the timber is brought in contact unless the iron 
is galvanized. On account of these drawbacks the sulphate 
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of copper injection is not so largely employed now as it was 
formerly. 

Impregnation with sulphate of copper was tried in Madras 
in 1865-1866, sleepers of 44 different kinds of local woods 
having been experimented with: the engineers, however, 
reported that the strength and durability of sleepers was 
lessened rather than increased by the process, which was 
thereupon discontinued. In 1866 some deodar and Pimts 
longifolia sleepers were impregnated in the Punjab, but the 
results have not been recorded, though the sleepers were 
reported to be good four years later, a natural result, in 
the case of deodar at least,, whether they were impregnated 
or not. 

(2) Chloride of zinc .—Injection with this salt is known 
as burnettising, the process having been patented by Sir 
W. Burnett in 1838. Chloride of zinc is a very cheap sub¬ 
stance, and does not corrode iron, but, like sulphate of copper, 
it is apt to be washed out of the wood treated with it: to 
prevent this glue may be added to the solution which is forced 
into the timber, a solution of tannin being afterwards injected, 
so that the glue is converted into a leathery substance which . 
fills the pores of the wood and prevents the zinc chloride 
from washing out. 

Impregnation of sleepers with chloride of zinc was carried 
out at Kotri in Sind in 1864-1865 and again at Phillour in 
the Punjab in 1868-69, but in each case the results were 
unsatisfactory. 

(3) Chloride of mercury (corrosive sublimate) is a most 
effective substance for rendering wood proof against insects 
and decay. Its use as an antiseptic for timber was patented 
in 1832 by an Englishman named Kyan, and hence the process 
is known as kyanising. It is a useful method in dry situa¬ 
tions, but useless in salt water. It has several disadvantages, 
the chief of which are its high cost and the violently poison¬ 
ous nature of the substance used. Besides these disadvan¬ 
tages, corrosive sublimate affects iron. 

The kyanising of sleepers was tried on the Great Indian 
Peninsula Railway in 1865, but was abandoned, as the sleepers 
so treated were found to be no cheaper than sleepers made 

of teak. ' 

(4) Creosote.—This oil is one of the products obtained 
during the distillation of coal-tar, and is cheap in countries 
where coal is abundant. The creosote obtained from wood-tar 
would probably be superior to that of coal-tar, owing to 

if 
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the great viscosity of the latter and consequent difficulty 
with which it is driven into the wood. Creosote is superior 
to metallic salts as an impregnating substance, as it is so 
thoroughly absorbed in the tissues of the wood that it will 
not wash out. 

Creosoted wood, which requires to be dried before injection, 
is rendered harder and less absorptive of moisture than wood 
not creosoted; it does not corrode iron. The creosoting 
of sleepers is largely carried out in England, and is becoming 
more and more common on the Continent of Europe. Large 
numbers of creosoted pine sleepers are imported into India 
from Europe. Hard dense-structured woods are not suitable 
for creosoting. Several attempts to carry out the creosoting 
of sleepers in India have been made. About 1854 to 1863 
a creosoting apparatus was in operation near Howrah, 
Calcutta, for impregnating sleepers for the East Indian 
Railway: it was given up because the hard woods of Bengal 
were found to be too hard for creosoting, while soft woods 
were not available in sufficient quantity. In 1868 or 1869 the 
East Indian Railway erected a creosoting plant at Aligarh for 
the creosoting of pine sleepers ; in 1874 the sleepers were 
reported to be lasting well, and the reasons for abandoning the 
works are not stated. A creosoting apparatus was erected in 
1870 at Sahibganj, and another at Bareilly, but no informa¬ 
tion is available regarding them. 

Many other substances have been tried with varying success, 
for example, carbolic acid, which is too expensive, lime, ferric 
tannate, and others. Among substances recently tried may 
be mentioned a solution of sugar, known as Powell’s process, 
and a sulphur process. The latter process, recently patented 
in Germany, is still in an experimental stage: it consists in 
placing the wood to be impregnated in a bath of molten sulphur, 
and after the liquid sulphur has entered the tissues of the 
wood the temperature of the bath is reduced below the melting 
point of sulphur, which hardens in the wood. Only the 
outer layers of the wood become impregnated, so that the 
method so far has been found suitable only for thin boards. 

Another process, said to be cheap and effective, is the 
Hasselmann process, in which sleepers are boiled first in 
a solution of the sulphates of iron and aluminium, and then 
in a lime bath under pressure. 

2. Methods of Injection. 

The chief methods of impregnating wood with antiseptic 
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substances are : (1) the hydrostatic method, (2) the pneumatic 
method, and (3) by immersion in the liquid, with or without 
boiling. 

(1) Hydrostatic Injection. 


By this method, first employed by Boucherie, the antiseptic 
liquid is driven into the wood by atmospheric pressure alone, 
the sap being expelled to make room for the liquid. A pres¬ 
sure of one or two atmospheres is sufficient, the necessary 
pressure being obtained by placing the reservoir of liquid on a 
platform raised at least 30 feet above the ground and convey¬ 
ing the liquid down a pip6 into the timber, in which a hole 
has been bored to admit the nozzle of the pipe. For this 
process green timber is necessary, and the bark should be on 
the log, otherwise some of the liquid would escape from its 
sides: if the log has been kept for a month or two, so that 
the outer layers are dry but the inner part of the lbg is 
still green, the bark need not be kept on, as the outer layers 
are sufficiently impervious. 

The actual methods of introducing the liquid into the 
timber vary, but the principle of introducing it from a raised 
reservoir through a pipe is the same for all. In Boucherie’s 
process the log to be impregnated has its thick end slightly 
raised and sawn flat: a board is then tightly screwed' against 
the flat surface to prevent the escape of the liquid from it, 
a piece of rope being placed in a ring between the board and the 
log to make the junction tighter and form a cavity between the 
board and the log. An oblique hole is then bored with an 
auger into the side of the log two or three inches from the 
thick end and leading into this cavity, and the iiozzle of the 
pipe is inserted tightly into the auger-hole. The liquid is 
then turned on: at first only sap flows from the other end of 
the log, but gradually the impregnating liquid begins to come 
out, and when the outflowing liquid is sufficiently strong the 
process is complete. Usually several logs are placed in a row 
and injected simultaneously, each from a small branch . pipe 
connected with the main pipe which leads from the raised tank. 
Sometimes a shallow metal plate, with sharp sides which can 
be driven into the end of the log, is used instead of a wooden 
board. 

Another method of introducing the liquid is to saw the 
log almost through in the centre, which is then raised to open 
the cut. A ring of rope is placed in the cut, and the centre of 
the log is again lowered to its original position, when a chamber 
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is formed in the middle of the log, into which the pipe is intro¬ 
duced through an auger-hole as before. By this method the 
liquid spreads outwards towards both ends of the log, and the 
impregnation is more rapidly accomplished than by the 
preceding method. 

An improved method based on Boucherie’s, and known 
as Pfister’s method, consists in forcing the liquid into the timber 
by means of a portable force-pump at a pressure up to 20 atmo¬ 
spheres. The pump can be transported to the forest, so that 
the wood may be injected before removal. By this process 
injection is more quickly carried out than by Boucherie’s 
process, while it is immaterial whether the logs have bark on 
or not. 

The hydrostatic method is suitable for injecting sulphate 
of copper and chloride of zinc. Its chief advantage is its 
simplicity and the cheapness of the apparatus required: on the 
other hand, as the wood requires to be injected in the round a 
large proportion of the impregnated wood is wasted in conversion 
and much of the antiseptic substance is thus lost. Another 
drawback is the difficulty of transporting timber with the 
bark intact, and the impossibility of converting timber in 
the forest if this method of impregnation is to be adopted. 

(2) Pneumatic Injection. 

For injection by this method the wood is first fully con¬ 
verted, and then tightly stacked on trucks wheeled into 
large horizontal iron cylinders, which are then tightly closed. 
The wood is first steamed for an hour at a temperature of 
112|° C., after which an air-pump is applied which sucks the 
air out of the wood by the creation of a vacuum. The inject¬ 
ing liquid is then pumped in until the cylinder is full, and in 
order to force liquid into the wood a pressure of about 6 
atmospheres is maintained for an hour, more or less, at the end 
of which time the liquid is withdrawn and the impregnated 
wood is removed from the cylinder. Sometimes the steaming 
process is dispensed with, the wood being dried instead. 

This is the method employed for creosoting sleepers and 
other converted timber, and is largely in use in Europe. The 
plant required is expensive, but the method gives very satis¬ 
factory results, there being no waste of impregnated wood, 
while the wood itself may be seasoned or unseasoned. Chlor¬ 
ide of zinc may be injected by this method, but if sulphate 
of copper be used, copper cylinders have to be employed. 
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Impregnation by Immersion. 

This method is employed chiefly for kyanising small 
pieces of wood by placing them in a solution of corrosive 
• sublimate for 8 to 10 days, the wood being weighted to keep 
it down. Other antiseptic substances may be employed, 
such as chloride of zinc, sulphate of copper, and others, but 
the results are not so satisfactory as those obtained by hydro¬ 
static injection, as the liquid does not penetrate far into 
the wood. If sulphate of copper be employed, the liquid has 
to be kept at boiling point for 10 to 12 hours, while wood-tar, 
if used, should be kept at a temperature of 140° C. during the 
immersion of the wood. 

Section III.— Haskin’s Process. 

It is well known that if wood be charred in a fire the por¬ 
tions rendered more durable by the process are not only the 
layers in actual contact with the fire, but also those immedi¬ 
ately inside the blackened exterior, that is, as far as the heat 
of the fire has much effect. The reason why these tissues 
become more durable is that the albuminous and other sub¬ 
stances of the sap become chemically changed by the heat, 
and converted into antiseptic substances which resist the 
attacks of insects and f ung i. Acting on the knowledge which 
this fact affords. Colonel Haskin, an American, has devised 
a method of heating wood to such a temperature that its sap 
is converted into antiseptic substances: this process is known 
as the haskinising or vulcanising of wood. The actual pro¬ 
cess of haskinising is simple, consisting as it does of placing 
the wood in a strong closed iron cylinder, into which is driven 
dry superheated air at a temperature between 200° and 400° 
F. and under a pressure of about 13| atmospheres (200 lbs. 
per square inch). The air requires to be kept circulating in 
order to maintain it in a dry condition ; hence the moist air 
generated within the cylinder is carried off, fresh dry air being 
pumped in. The pressure is necessary to prevent the dis¬ 
integration of the wood which would take place otherwise: 
for the same reason care has to be taken not to maintain too 
high a temperature. The time during which the wood is kept 
in the heating cylinders depends on its dimensions ; for sleepers 
it is about 8 hours. 

Timber treated by the haskinising process is claimed to 
be more durable as well as stronger than wood not so treated. 
The cost is small if regular supplies of wood are available for 
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treatment, while it lias the great advantage over other 
processes that the hardest woods can be successfully dealt 
with. On the other hand, the process is suitable only for green 
timber, but as the timber, may be converted this is not a serious 
drawback. 
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Andamans padauk (see also Pterocarpus 
dalbergioides), 17, 44, 56, 65? 
71, 82. 

„ redwood (see also Andamans 
padauk), 68. 

Andropogon citratus , D C, 145. 
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Amatto dye, 160. 

Aroidece, 151. 

Arrowroot, East Indian, 151. 

Artificial seasoning, 34. 

Artocarpus Chaplasha , Roxb., 17, 20, 44, 
45, 56, 58, 64, 65, 66, 67, 68, 
74. 

integrifolia , Linn, f., 17, 20, 
26, 45, 68, 69,74, 75, 83, 150. 
Lakoocha, Roxb., 17, 19, 21, 
36, 37, 40, 44, 45, 58, 64, 68, 
155. 

Arum , Linn., 151. 

Aaclepiadacece, fibre-yielding, 146, 147. 

f , rubber-yielding, 171, 172. 
Aspen, 73. 

Atalantia momphylla , Correa, 75. 
Attacus Ricdni, Boisd., 180. 

Auction, Sale by, 195. 

Autumn-wood, 6. 

Axe? 88. 

Axe and saw combined, Foiling with, 101. 
Axe, Felling with, 100. 

„ Grubbing, 91. 

„ handles, 82, 88, 89. 


Axe heads, 88. 

„ Lopping, 90. 

„ Splitting, 91. 

„ Trimming, 90. 

Axles, Woods used for, 70. 

B 

Baccaurea sapida, Muell. Arg., 158. 
Bakka, 87. 

Baib grass, 144. 

Balanites Roxburghii , Planch., 162. 
Balks, 54. 

Ballast, as affecting the life of railway 
sleepers, 61. 

Bamboo, 21, 23, 56, 64, 66, 70, 71, 74, 
75, 78, 79, 82, 83, 84. 

„ charcoal, 85. 

„ rafts, 129. 

„ Preservation of, 39. 

Bambusa arundinacea , Willd., 71. 
Band-saw, 113. 

Barilla, 190. 

Bark, 4. 

„ Collection of gums and resins 
from, 164.. 

„ for tanning, 148. 

Barrels, Woods used for, 71. 

Barringtonia , Forst., 162. 

„ acutangula, Gaertn., 149, 
153. 

Basket-work, 75, 144. 

Bassia butyracea, Roxb., 159. 

„ latifolia , Roxb., 6, 8, 17, 19, 

45, 56, 83, 85, 86, 158, 159. 

„ longifolia, Willd., 36, 159. 
Bassora gum, 163. 

Bast tissue, Interior, 50. 

Bats’-guano, 183. 

Battens, 55. 

Bauhinia, Linn., 155. 

„ purpurea , Linn., 16, 149. 

„ racemosa, Lam., 23, 147, 153. 

„ relusa, Ham., 164, 165. 

VaUii , W. and A., 50, 147, 
156, 157, 158. 

f9 variegata, Linn., 149. 

Beams, 55. 

Beer-casks, Wood used for, 72. 

Bee-holo borer, 51. 

Bees, Dammar, 166, 180. 

„ Honey, 180. 

Beilschmicdia Ruxburghana , Nees, 77. 
Bends, 65. 

Bengal kino, 165. 

Benzoin, Gum, 167. 

Berber is, Linn., 45, 150, 152, 158. 

„ arislata , D C, 153. 

Berrya Ammonilla , Roxb., 26, 40, 68, 69, 
70, 74. 
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Betida alnoides, Ham., 53. 

„ utilis, Don, 45, 153, 155. 

BJidber grass, 144. 

Billets, 54. 

Billhook, 87. 

Bird’s-,eye maple, 46. 

Birds’-nests, Edible, 182. 

Bischofia jcivanica, Blume, 34, 60, 64. 
Btxa Orellana , Linn., 160. 

Black dammar, 166. 

Blacksmiths, Charcoal used by, 86. 
Blackwood (see also Dalbergia latifolicv), 
68. 

Blasting, Extraction of stumps by, 103. 
Boards, 55. 

„ Stacking of, 144. 

Boat and ship building, timber used for, 

65. 

Boats, Transport of wood by, 130. 
Bcehmeria nivea, Hook, and Arn., 147. 

„ rugulosa, Wedd., 74, 75. 
Bombax malabaricum , D C, 5, 6, 8, 14, 17, 
20, 23, 25, 26, 35, 40, 45, 64, 

66, 67, 72, 73, 77, 78, 83, 85, 
161, 163, 167, 180, 229. 

Bombyx, Hiibn, 179. 

„ Mori , Linn., 179. 

Bones, 181. 

Booms, 125, 126. 

Borassus flabellifer, Linn., 19, 21, 26, 64, 
151, 156, 174. 

Bostrichid beetles, 36, 52. 

Boslrichus parallelus, Lesne, 36. 

Boswellia serrata , Roxb., 17, 20, 23, 40,43, 
49,58,73,77, 84,85, 164,165. 
Boucherie’s process, 234, 237. 

Bows, Wood used for, 73. 

Boxes, Wood used for, 76. 

Boxwood (see also Buxus sempervirens ) 
6, 75, 84. 

Branches, Lopping off before felling trees, 
99. 

„ Occluded broken, 51. 

„ Heale dsections of pruned, 50. 

Brass-founders, Charcoal used by, 86. 
Briar, 84. 

Bridelia retusa, Spreng., 58, 70,149, 155. 
Brood-lac, 177. 

Broussonetia papyrifera , Ventn., 147. 
Bruguiera gymnorhiza, Lam., 149. 
Buchanania latifolia, Roxb., 17, 20, 23, 
58, 149, 158, 165. 

Buffaloes, Damage by, 139. 

„ for carting, 117. 

„ for dragging, 107. 

Bullocks, Damage by, 139. 

„ Carrying by, 118. 

Bumettising, 235. 

Burrs, 46, 50. 


Butea frondosa, Roxb., 5, 17, 20, 23, 35, 
38, 40, 64, 147, 153, 155, 
156, 157, 160, 161, 164, 
165, 176. 

„ superba, Roxb., 160. 

Butter-tree, Indian, 159. 

Button-lac, 179. 

Butts, 54. 

Buxus sempervirens, Linn, (see also Box¬ 
wood), 5, 17, 19, 45, 75, 83. 


c 

Cabinet-making, Wood used in, 69. 
Cadaba trifoliata , W. and A., 50. 
Ccesalpinia Bonducella, Roxb., 161. 

„ Coriaria, Willd., 161. 

„ digyna, Rottl., 161. 

„ Sappan, Linn., 45, 150. 

Cajanus indicus , Spr. 85. 
Calamander-wood, 44. 

Calamus acanthospathus. Griff., 82 
„ latifolius , Roxb., 82. 

„ viminalis, Willd., 82. 

Calcareous tufa, 189. 

Calophyllum Inophyllum , Linn., 65, 66. 

„ polyanthum , Wall., 66. 

„ spectabile, Willd., 66. 

„ tomentosum, W v ight, 66. 

Calorific power of woods, 42. 

Calotropis gigantea , R.Br., 85, 146, 147, 
161. 

„ proccra , R.Br., 147. 

Cambium, 4. 

Camels, Carrying by, 118. 

„ Damage by, 139. 
Camphor-wood, 47. 

Canangium odor at um, Baill., 159. 
Canarium bengalense, Roxb., 77. 

„ sikkimense , King, 81, 167. 

„ strictum, Roxb., 166. 

Cane, 21, 23, 75, 82. 

Canker, 53. 

Cannabis sativa , Linn., 147. 

Canthium , Linn., 75. 

Caoutchouc, 171. 

Capparideat , 50. 

Capparts aphyUa , Roth, 37, 158. 

„ horrida , Linn.f., 158. 

Cardllia intrgerrima, DC, 46, 68. 

Carapa moluccensis , Lam., 69. 
Cardamoms, 162. 

Careya arborea, Roxb., 8. 17, 20, 23, 34, 
40, 45, 57, 66, 70, 78, 148, 
152, 153. 

Carissa Carandas, Linn., 83, 158. 

„ macrophylla , Wall., 158, 

„ spinunm , A. DC, 83. 

B 2 
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Carriage-making, Wood used in, 69. 
Carrying as a means of clearing coupes, 
106. 

Carrying as a means of transport, 118. 
Carting, 117. 

Cart-making, Wood used in, 69. 

Carts, Loads for, 117. 

Carving, Wood used for, 74. 

Caryoia urens, Linn., 74, 151, 157, 

174. 

Casearia graveolens, Dalz., 162. 

„ tomentosa , Roxb., 83, 162. 
Cashew nuts, 158. 

Cassia-bark, 152. 

Cassia angustifolia, Vahl, 157. 

,, auriculata, Linn., 149. 

„ Fistula , Linn., 8, 17, 19, 23, 26, 
40,58, 64, 66, 69, 75, 78, 85, 
149, 155, 162. 

Casks, Wood used for, 71. 

Castanopsis Hystriz , A. DC, 81. 

„ tribuloides, A. DC, 81. 

Castilloa dastica, Cerv., 172. 

Casuarina , Forst., 8, 51. 

„ equisetijolia, Forst., 19, 21, 

34, 66, 70. 

Catamarans, Wood used for, 68. 

Catechu, 228. 

Cattle, Kin d of — , as affecting damage by 
grazing, 139. 

„ Number of—, as affecting damage 
by grazing, 140. 

Ceara rubber, 172. 

Cedar, Pencil, 73. 

Cedreia microcarpa , C, DC, 76. 

,, serrata, Royle, 47, 155. 

„ Toonu, Roxb., 6, 8, 17, 20,22, 23, 
26, 34, 40, 45, 56, 65, 66, 67, 
68. 

Ctdrus Deodar a, Loudon (C. Libani, Bar¬ 
rel., var. Deodara, Hook.f.), 
see also Deodar, 17, 20, 22, 
23, 26, 34, 40, 45, 64, 65, 66, 
68, 151. 

Cellulose from sawdust, 84. 

Celtis australis , Linn., 82. 

Cerambycid beetles, 52. 

Ceriops Candolleana , Arnott, 149. 

„ Roxburghiana, Arnott, 149. 
Charcoal, 86, 210. 

„ Properties of, 220. 

„ Woods used for, 85. 

„ Yield of, 219. 

Charcoal-kilns, 211. 

Charcoal'making in open pits, 210. 

„ „ „ retorts, 210. 

Chaulmugra oil, 159. 

Cliamnnffia csculenta, DC, 172. 

Chemical wood-pulp, 80. 


Chenopodiaceoe , 190. 

Chess-men, Wood used for, 75. 
ChicJcrassia tabxdaris, 17, 19, 22, 26, 34, 
45, 46, 64, 65, 68, 160. 
Chinese tallow-tree, 160. 

Chir (see also Finns longifolia), 14. 

Chir tar, 151. 

Chireta, 152. 

Chisel handles, Wood used for, 83. 
Chlorides of mercury and zinc as impreg¬ 
nating substances, 235. 
Chloroform from wood, 86. 


Chloroxylon Sivietenia, DC, 6, 

17, 19, 

21, 


26, 36, 40, 45, 46, 

64, 68, 

, 69, 


70, 74, 78, 83. 




Chonemorpha macrophylla, G. 

Don, 

172. 


Cigar-boxes, Woods used for, 

77. 



Cinchona, 152. 




Cinnamomum, Blume, 47. 




Camphor a, Nees and 


Eberm., 47. 

„ Cecidodaplme , Meissn., 56. 

„ glandulifcrum, Meissn., 75. 

,, Tamala, Nees, 152. 

„ zeylanicum , Breyn, 152. 

Cinnamon, 152. 

Circular-saw, 112. 

Citronella-grass oil, 145. 

Citrus, Linn., 158. 

Clearing the coupe, 105. 

Clerodendron inerme, Gaertn., 159. 
Climate as affecting season of felling, 
96. 

Climbers, Contortion produced by, 50. 
Cocculus laurifolius, DC, 50. 

Coccus Dacca, 176. 

Cochlospermum Oossypium, DC, 5, 17, 20, 
40, 58, 161, 163, 165, 167. 
Cocoanut fibre, 161. 

„ oil, 160. 

„ palm (see also Cocos nucifera), 
82, 174. 

Cocos nucifera, Linn., 74, 156, 174. 
Cog-wheels, Wood used for, 64. 

Coir fibre, 161. 

Colcbrookia oppositifolia , Sm., 85. 
Collection of floating timber, 126. 
Collocalia, Gray, 182. 

Colocasia, Linn., 151. 

Colophony, 168, 222. 

Colour of wood, 44. 

Combs, Wood used for, 83. 
Combustibility of wood, 40. 
Commutation system of sale, 206. 
Compass timber, 65. 

Contortion produced by climbers, 50. 
Contract, Payment under, 194. 
Conversion of timber, 104, 108. 

„ „ „ by hand, 109. 
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Conversion of timber in sawmills, 110. 
Convolvulacece, 50. 

Coopers’ wood, 71. 

Copper sulphate as an impregnating 
substance, 234. 

Coppice, Cutting, 101. 

Copra, 160. 

Coracles, Wood used for, 68. 

Cor chorus capsular is, Linn., 147. 

„ olitorius, Linn., 147. 

Cordage, Grass used for, 144. 

Cordia fragrantissima, Kurz, 46. 

„ Myxa , Linn., 82, 148, 153. 

„ vestita , Hook. f. and Th., 46. 

Cornus macropliylla , Wall., 85. 

Corrosive sublimate as an impregnating 
substance, 235. 

Cortex, 4. 

Corylus Colurna , Linn., 158. 

Corypha umbraculifera, Linn., 151. 
Cotoneaster , Linn., 64. 

„ bacillar is, Wall., 82, 83. 

Cotton, 161. 

„ stalks used for gunpowder char¬ 
coal, 85. 

Cracking and splitting of wood, 31. 
Cratcegus crenulata , Roxb., 82. 

„ Oxyacantha, Linn., 82. 

Cratceva rcligiosa, Forst., 83. 

Creosote from wood, 86. 

Creosoting of timber, 235, 238. 

Cricvla , 180. 

Crooks, 65. 

Crotolaria juncea, Linn., 147. 

Crushing, Resistenco to, 24. 

Cupressus torulosa , Don, 17, 20, 40, 43, 
45, 47. 

Cup-shake, 48. 

Curcuma angustifolia , Roxb., 151. 
Cutch, 148. 

„ Export duty on, 207. 

„ Manufacture of, 228, 232. 

Cyeads, 161. 

Cycas pcctinata, Griff., 151.. 

„ Rumphii , Miq., 151. 

Cynibopogon citratus , Stapf, 145. 

„ Martini, Stapf, 145, 226. 

„ Nardus, Rendle, 145. 


D 


Da, 87. 

Dalbergia cultrata, Grab., 43, 44, 45, 70 # 
75, 82, 83. 

„ latifolia, Roxb., 17, 19, 21, 26, 
40, 44, 45, 66, 68, 69, 70, 71, 
74, 82, 83, 156. 

t 


Dalbergia Oliveri, Gamble, 44, 82 

„ paniculata, Roxb., 40, 43, 50, 
58. 

„ Sissoo, Roxb., 5, 17, 19, 21, 23, 
26, 34, 40, 44, 45, 53, 56, 57, 
64, 65, 66, 68, 69, 70, 71, 74, 
76, 77, 84, 85. 

Dammar, 166, 180. 

Dao, 87. 

Daphne cannabina, Wall., 148. 

„ oleoides, Schreb., 85. 

Date-palm, Wild, 174. 

Deals, 55. 

Debregeasia, Gaud., 147. 

Decay of timber, 35. 

Defects in wood, 47. 

Delima sarmentosa, Linn., 157. 

Density of crop, as affecting shape and 
size of trees, 8. 

Deodar (see also Cedrus Dcodara), 37, 56, 
60, 66, 76, 82, 235. 

„ oil, 151, 225. 

Dendrocalamus strictus, Nees, ^3, 158. 
Depdts, 132. 

„ „ land, 132. 

„ „ water, 133. 

„ „ management of, 133. 

Desmodium tilicefolium, G. Don, 
147. 

Dichopsis Gutta , Benth., 172. 
Dicotyledons, Anatomical structure of, 
4. 

Dillenia indica, Linn., 5, 17, 19, 22, 26, 

45, 64, 82, 85* 157. 

„ pentagyna, Roxb.. 34, 40, 45, 

46, 85, 156, 158. 

Dinoderus minutus, Fabr., 36. 

„ pilifrons , Lesne, 36. 

Dioscorea, Linn., 151. 

Diospyros, Linn., 21, 168. 

„ Chloroxylon, Roxb., 83. 

„ Ebenum , Koenig, 17, 19, 46, 

68, 74, 82. 

„ Embryopteris, Pers., 161, 162. 

„ Kurzii , Hiem., 44, 82. 

„ Melanorylon , Roxb.. 46, 58, 

69, 70, 74, 78, 83. 

„ montana, Roxb., 45, 162. 

„ quu'sita, Thw., 44. 

„ tomcfdosa, Roxb,, 43, 46, S3. 

Dipterocarpecv, 164, 169. 

Diptcrocarpus, Goertn. f., 8, 76, 166, 167. 
168. 

„ alaius, Roxb., 17, 20, 22, 

26, 40, 67, 168. 

„ pdosus, Roxb., 77. 

„ ' tnbercidatus, Roxb., 17, 10, 

26, 34, 36, 40, 56, 65* 66, 67 
86, 168. 
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Diptcro carpus, turbinatus, Gaertn. f., 17, 
20, 40, 66, 67, 77, 168. 

Disposal of forest produce, systems of, 198. 

Distillation, Wood used for products of, 

86 . 

Divi-divi , 161. 

Dragging of timber, 106. 

Dragging-paths, 120. 

Draught animals, Extraction of stumps 
with, 103. 

Draughts-men, Wood used for, 75. 

Drugs and spices from stems and roots, 
152. 

Drugs, Fruits and seeds yielding, 161. 

Drums, Wood used for, 83. 

Dryness of wood, as affecting its com¬ 
bustibility and heating power, 
40. 

Dry rot, 35. 

Dry wopden slides, 121. 
uabanga sonneratioides, Ham., 17, 19, 
20, 34, 45, 64, 67, 77. 

Dugputs, Woods used for, 66. 

Duomitus ceramicus, W T lk., 51. 

Durability, Classification of woods in 
order of, 40. 

„ of wood, 35. 

„ „ „ Methods of increasing, 

39. 

Dutch auction, 195. 

Dyeing, Leaves for, 157. 

Dye, Lac, 176, 178. 

Dyes from flowers, fruits, and seeds, 160. 

Dyes from bark, wood, and roots, 150. 

Dynamite, Extraction of stumps by 
blasting with, 103. 

Dysoxylum inalabaricum, Bedd., 72. 


E 

Eaglewood, 47, 151. 

Earnest-money, 197. 

Barth slides, 121. 

East Indian walnut, 68. 

Ebony, 68. 

Echi nocarpus damjearpus, Bth., 77. 
Economic foiling, Rules of, 97. 

Edible flowers, fruits, and seeds, 158. 
Elceocarpus robust us, Bl., 73. 
Elwodendron Roxburghii, W. and A., 83. 
Elasticity of wood, 21. 

„ » „ as affecting its fissi- 

bility, 22. 

MeUaria Cardamontum, Maton, 162. 
Electricity, Blasting stumps by, 104. 

„ Foiling by, 101. 

Elephant catching, 184. 


Elephant grass for rope-making, etc. 144. 
Elephants for carting, 117. 

„ „ dragging, 107. 

Emblic myrabolans, 161. 

Engdhardtia spicata, Bl., 74, 77,, 149. 
Engraving, Wood used for, 75. 

Ensilage, 143. 

Eri silkworm, 180. 

Erianthus Ravennoe, Beauv., 145. 

Erica arborea, Linn., 84. 

Eriodendron anfractuosum, DC, 161, 167. 
Erythrina, Linn., 5, 20, 45, 76, 155. 
„ indica, Lam., 68, 73. 

„ suberosa, Roxb., 17, 40, 58, 64. 
Eucalyptus, L’Her., 8. 

„ diversicolor, F. Muell., 59. 

„ inarginata, Sm., 59, 60. 

Eugenia, Linn., 64. 

Eugenia Jambolana, Lam., 8, 17, 20, 22, 
23, 26, 27, 35, 40, 42, 45, 46, 
56, 58, 65, 60, 07, 149, 158, 
167, 180. 

Euphorbia, Linn., 153. 

Euphorbiacece, Rubber-yielding, 171, 172. 
Evodia fraxinifolia. Hook, f., 73. 

„ mdioefolia, Benth., 23, 81. 
Exccecaria Agallocha, Linn., 73. 

Export duty, 207. 

Extraction and disposal of forest produce, 
198. 

„ of stumps, 102. 

Extracts, Preparation of tannin, 231. 
Exuded products, 63. 


F 

Face-value system of licenses, 205. 
Fagrcea ; fragrans , Roxb., 36, 40, 57, 64. 
Famine, Fruits and seeds eaten in time of, 
158. 

Felling and conversion of wood, 87. 

„ above-ground, 100. 

„ axe, 88. 

„ by electricity, 101. 

„ by the roots, 102. 

„ Methods of, 99. 

„ rules, 97. 

„ Season for, 96. 

„ with axe alone, 100. 

„ „ „ and saw combined, 101. 

„ „ saw alone, 101. 

Felloes of wheels, Wood used for, 69 
Fence-posts, Wood used for, 57. 

Feronia Elephantum, Correa, 167. 
Fever*nut, 161. 

Fibres from stems and roots, 146. 
Fibre-yielding fruits, 161. 
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Fibre-yielding grasses, 144. 

Fibro-vascular bundles, 7. 

Ficus, Linn., 8, 38, 40, 147, 155, 158, 
176. 

„ asperrima, Roxb., 157. 

„ bengalensis, Linn., 5, 6, 17, 20, 23, 
45, 70. 

„ Cunia , Ham., 23, 157. 

,, dastica, Roxb., 172, 173. 

„ „ tapping of, 173. 

„ gibbosa, Blume, 157. 

„ glomerata , Roxb., 8, 17, 20, 64. 
„ rdigiosa, Linn., 23, 64. 

Fir, 8, 73, 79. 

Firewood, Wood used as, 85. 

Fishing, Regulation of, 183. 

Fishing-rods, Wood used for, 73. 
Fish-poisons, 153. 

Fissibility of wood, 22. 

Fixed tariff, Salo by, 197. 

Flacourtia Ramontchi, L’Herit., 155. 

Flax, 148. 

Flexibility of wood, 20. 

Floating, 124. 

Floss, 161. 

Flowers, Edible, 158. 

„ fruits, and seeds, Utilization of, 
158. 

„ „ „ „ yielding 'oils 


9 * 
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and other extracts, 159. 

„ „ „ tans and 


dyes, 160. 

Flueggia microcarpa , Blume, 153. 

Fodder, Cut, 142. 

„ Leaves for, 154. 

Fomcs annosus , Fries., 53. 

„ fomentarius, Fries., 53. 

„ Fulvus , Fries., 53. 

„ Pappianus , 53. 

Forest devil, 95. 

„ industries, 209. 

„ produce, Systems of extraction and 
disposal of, 198. 

„ tramways, 122. 

Forest-seasoned wood, Moisture in, 14. 
Formalin from wood, 86. 

Fragrant woods, 47. 

Frame-saw, Reciprocating, 112. 
Frame-works of carts, Wood used for. 


73. 


Frost-cracks, 48. 

Frost-ribs, 48. 

Fruits, Edible, 158. 

„ Utilization of, 158. 

„ yielding drugs, 161. 

„ „ fibres, 16 L. 

„ „ oils and other extracts, 

159. 

„ „ tans and dyes, 160. 


Fuel, Classification of, 105. 

„ rafts, 130. 

„ Stacking of, 115. 

„ Value of woods as, 42* 

Fungi attacking trees, 52. 

„ causing rot in timber, 35. 

„ Edible, 190. 

Furniture, Wood used for, 68. 
Fuses, Barks used for, 153. 


G 


Galls, 149. 

Gamboge, 166. 

Garcinia , Linn., 158. 

,, cchinocarpa , Thw., 82., 

„ indica, Chois., 159. 

„ Mordla , Desr., 164, 166. 

„ spcciosa , Wall., 74. 

Gardenia , Linn., 5, 45, 75, 83, 157, 167. 
Garuga pinnata, Roxb., 20, 23, 43, 45, 
77, 83, 149, 155. 

Gauges of railway lines, 59. 
Geranium-grass, 145. 

Girardinia heterophylla , Dene., 147. 

Qivoiia rottleriformis, Griff., 68, 74, 160. 
Gindina arborea, Roxb., 17, 20, 22, 23, 
26, 34, 40, 45, 64, 65, 66. 67, 
68, 70, 71, 72, 73, 75, 83, 84. 
Goats, Damage by, 139. 

Goldsmiths, Charcoal used by, 85. 
Government agency, Felling and extrac¬ 
tion by, 199. 

„ „ Felling by—, and 

extraction by purchasers, 201. 
Grain of wood, 5, 46. 

Grass, Utilization of, 138. 

Grass-cutting, 142. 

Grasses, Fibre-yielding and thatching, 
144. 

„ Oil-yielding, 145. 

Grazing, 138. 

Groen dammar, 166. 

Green wood. Moisture in, 14. 

Grewia, Linn., 21, 23, 74, 83,140, 155,158. 
„ asiatica , Linn., 153. 

„ oppositifedia, Roxb., 47, 60,.74, 76, 
i47. 

,, popvlifolia, Valil, 82. 

„ tiliocfolia, Valil, 17, 26, 66, 70, 74. 
„ vestita. Wall., 70, 74. 

Ground, Durability of wood in or on 
the, 38. 

„ Timber used in contact with the 
57. 

Grubbing axo, 91. 

Gum afabio, 163, 105. 
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Gum, Bassora, 163. 

„ benzoin, 167. 

„ from sawdust, 84. 

„ kino, 167. 

„ Semla , 165. 

„ tragacanth, 163. 

Gum-resins, 164. 

Gums and resins, 163. 

„ „ „ Methods of collection 

of, 164. 

Gun-carriages, Wood used for, 71. 
Gun-stocks, Wood used for, 82. 
Gunpowder charcoal. Wood used for, 85. 
„ Extraction of stumps by blast¬ 
ing with, 103. 

Gurjun- oil, 168. 

Gutta-percha, 171, 172. 

Gymnosperms, Anatomical structure of, 
4. 

Gynocardia odorata, R.Br., 159, 162. 
Gyrocarpus Jacquini , Roxb., 68. 


H 

II(zmatoxylon campechianum , Linn., 150. 
Half-balks, 54. 

Haloxylon , Bunge, 190. 

Hamiltonia suaveolens, Roxb., 85. 
Hand, Conversion by, 109. 

Hand-looms, Wood used for, 64. 

Handle of axe, 88, 89. 

Hardness of wood, 18. 

Hardness, Classification of woods accord¬ 
ing to, 19. 

„ of wood, 18. 

„ „ „ as affooting its dura¬ 

bility, 37. 

HardwicJcia binata, Roxb., 16, 19, 21, 
26, 35, 40, 44, 45, 46, 49, 57, 
64, 69, 70, 74, 78, 147, 150, 
155. 

Harps, wood used for, 83. 

Harrows, Wood used for, 77. 

Haskin’s process of rendering timber anti¬ 
septic, 239. 

Hasselmann’6 process of impregnating 
timber, 236. 

Haustoria, 52. 

Hay, 142. 

Head of axe, 88. 

Hoad-pieces of casks, 71. 

Heart-shake, 48. 

Heart wood, 5. 

Heating power of wood, 40. 

» m „ Methods of 

determining, 42. 

II dieter es isora , Linn,, 70, 146. 


Helms, Wood used for, 66. 

Hemp-fibre, 147. 

Henna dye, 157. 

Heptapleurum datum , Clarke, 73. 
Heritiera minor , Roxb., 5, 9, 17, 19, 26 
35, 40, 45, 56, 58, 64, 65, 66* 
68, 69, 70, 74, 77. 
Heteropogon contortus, Beauv., 145. 
Hevea braziliensis, Muell. Arg., 172. 
Hibiscus, Medik, 146. 

Hides, horns, etc. 181. 

Holarrhena antidysenterica , Wall., 6, 23, 
45, 74, 75, 83, 84, 152. 
Holigama Helferi, Hook, f., 47, 
Holoptdea integrifolia, Planch., 83, 155. 
Homalium iomentosum, Bth., 66. 

Honey and wax, 180. 

Honey-bees, 180. 

Honey-dew, 182. 

Hookahs, Wood used for, 84. 

Hook-lever, 96. 

Hoops of casks, 71. 

Hopea odorata, Roxb., 17, 19, 21, 26, 40, 
65, 67, 70, 166. 

„ parviflora, Bedd., 60. 

Hoptoceranribyx spinicomis , Newn., 52. 
Homs, 181. 

House-posts, Wood used for, 57. 

Hovenia dulcis, Thunb., 158. 

Hulls, Wood used for, 65. 

Hunting, Regulation of, 183. 

Hydnocarpus venenata , Gaertn., 162. 

„ Wightiana, Bl., 162. 
Hydrostatic injection of timber, 237. 
Hypha), 35. 


Ilex , Linn., 46. 

Imperata arundinacea , Cyril],, 144. 

„ eylindrica, Beauv., 144. 

Implements for directing the fall of trees 
and extracting stumps, 95. 
99 99 felling and conversion, 87. 

Impregnation of wood, 234. 

In oil, 168. 

India-rubber, 171. 

Indigo, 150. 

Indigofera , Linn., 21, 76. 

„ tinctoria , Linn., 150. 

Industries, Forest, 209. 

Insects, Defects in wood due to tho 
attacks of, 51. 

Instruments, Wood used for mathemati¬ 
cal, 84. 

” » „ » musical, 83. 

Interior bast tissue, 50. 
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Iodoform from wood, 86. 

Iron-smelting, Charcoal used for, 85. 
Iron wood (see also Xylia dolabriformis ), 
14. 

Ischoemum angustifolium , Hack., 144. 
Isonandra Gutta, Hook., 172. 

Ivory, 181. 

Ixora parviflora, Valil, 75, 83. 


J 

Jam of logs. Breaking up, 125. 

Jarrah, 59, 60. 

Jasminum , Linn., 159. 

Joinery, Wood used in, 68. 

Juglans regia , Linn., 17, 20, 29, 44, 45, 
46, 68, 74, 82, 83, 84, 159,161. 
Juniper, 73. 

Juniperus recurva , Ham., 43, 73. 

„ virginiana , Linn., 73. 

Jute, 147. 


K 

Kalamef , 47. 

Kamcla dye, 160. 

Kanyin oil, 168. 

Karri, 59. 

Kathy kdtha y Manufacture of, 228. 
Katira, 163, 165. 

Keddahs, 186. 

Keel, 65. 

Keersal , 228. 

Kerf of saw, 91. 

Kham-lahsil system of sale, 206. 
Khus-khus, 144. 

Kino, 167. 

„ Bengal, 165. 

Kitid fibre, 157. 

Knees of boats, 65. 

Knots, 49. 

Kokam butter, 159. 

Krempty 108. ' r 

Kukri, 87. 

Kun (Upper Burma axe), 90. 

Rust, 152. 

Kuihy 152. 

Kyanising of timber, 23 5,239. 

Kydia calycina , Roxb., 17, 20,43,45, 146. 
Kyrtlaung (Burmese axe), 90. 


L 

Labour, Daily, 193. 

„ Organization of, 192 


Labour supply, as affecting the season 
of felling, 96,192. 

Lac, 176. 

Lacquer-tree, 160. 

Lagerstrcemia Flos- Regina?, Retz, 8, 17, 
19, 22, 26, 40, 45, 56, 57, 64, 
65, 66, 67, 69, 71, 75. 

„ hypoleuca, Kurz 82. 

„ parviflora , Roxb., 6, 17, 

19, 23, 26, 27, 42, 45, 56,58, 
60, 66, 85, 149, 167. 

„ tomentosa , Presl, 67, 74. 

Lance-shafts, Wood used for, 74. 

Land depdts, 132. 

Land transport of wood, 116. 

Lateral booms, 125. 

Laths, 55. 

Laivsonia alba, Lam., 157. 

Lead-pencils, Wood used for, 73. 

Lease, Disposal by, 201. 

Leaves for fodder, 154. 

„ „ litter and manure, 155. 

„ „ polishing, 157. 

„ „ tanning and dyeing, 157. 

„ „ thatching, 156. 

„ Utilization of, 154. 

„ yielding fibres, 157. 

„ „ oil and resin, 157. 

Leguminosoc, Fibre-yielding, 146,147. 
Lemon-grass, 145. 

Levers used in rolling logs, 108. , * 

Licenses, Sale by means of, 204. 

Lichens, 190. 

Licuala pcltata , Roxb., 156. 

Limonia acidissima, linn., 23, 75. 
Linum usitatissiinum, Linn., 148. 
Litmus, 190. 

Litscea, Larnk., .180. 

Litter, Leaves for, 155. 

Livistonia jenkinsiana , Griff., 136. 
Loads for carts, 117. 

Loads for men, 118. 

Loads for pack animals, 118. 

Logs, 54. 

Logwood, 150. 

Lopping for fodder, 154. * •‘ 1 

Loranthacccc, 52. 

Loranthus , Linn., 52. 

Lumina, 6. 


M 

M-tooth saws, 92. 

Macassar oil, 159. 

Machilus edulis , King, 77. 

„ odoratiosima, Noes, 81, 180. 
Machinery, Wood used in, 64. 
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Madder, 150. 

Mcerua arenaria , Hook.f. and Th., 50. 
Magnolia Gampbdlii, Hook.f. and Th., 
73. 

Mahwa, 159. 

Major forest produce, 1. 

Malabar axe, 89, 90. 

Malloius philippinensis, Muell. Arg., 160. 
Malvaceae, Fibre-yielding, 146. 

Mangifera, Linn., 70. 

„ indica, Linn., 5, 17, 22, 23, 26, 
40, 44, 45, 46, 66, 67, 68, 76, 
86, 167. 

„ sylvatica, Roxb., 76. 

Mango, 8, 34, 72. 

Mangrove, 9, 149, 232. 

Manihot Glaziovii, Muell. Arg., 172. 
Manilla hemp, 157. 

Man jit, 150. 1 

Mansonia Gagei, Drum., 47. 

Manure, Leaves for, 155. 

Maple, 6, 83. 

Marble-wood, 44, 82. 

Marine borers, 36. 

Marking-nut, 162. 

Marsdenia tenacissima, Wt. and Arn. 147. 
Martesia flnminalis, 37. 

Mast-pieces, 54. 

Masts, Wood used for, 66. 

Matches, Wood used for, 72. 
Mathematical instruments, Wood used 
for, 84. 

Mats, Grasses used for, 144. 

Mechanical appliances for extracting 
stumps, 103. 

„ wood-pulp, 79. 

Medullary rays, 4. 

Melaleuca Leucadendron, Linn., 157. 
Melanorrhoea usitata, Wall., 17, 19, 26, 
75, 78, 86, 166. 

Melia Azedaracli , Linn., 77. 

„ composite, Willd., 77. 

„ indica, Brandis, 6, 17, 19, 22, 38, 
40, 45, 47, 66, 70, 74, 78, 83, 
155, 157, 160, 167. 

MeliacecB, 46. 

Melipona, Ill., 166, 180. 

Men, Carnage by, 118. 

Mercuric chloride as an impregnating 
substance, 235. 

Merulim lacrymans, Fr., 35. 

Mesua fcrrca ., Linn., 6, 8, 17, 19, 21, 24, 
26,35, 40, 45, 56, 57, 60, 61, 
64,66, 66, 69, 70, 78, 82, 83, 
84, 159, 

Methylene from wood, 86. 

Afhowra , 169. 

Mica,^188.- 
Mycelium, 35. 


Michdia Ghampaca , Linn., 17, 20, 26> 
38,40, 45, 56, 66, 67, 159, 160- 
„ excelsa, Bl., 17, 20, 22, 40, 43? 
45, 56. 

Miliusa vdutina, Hook.f. and Th., 23, 35, 
40. 

Millettia auriculata , Baker, 50, 155. 

„ pachycarpa , Kurz, 153. 

Mimosa rubicaulis, Linn., 85. 

Mirmisops, Linn., 64. 

„ Elengi, Linn., 21, 64, 159. 

„ hexandra, Roxb., 35, 64, 83. 

„ littoralis, Kurz, 82. 

Mine-props, 58. 

Mineral products, 188. 

Mining, 188. 

Minor forest produce, 1. 

Minor produce from stems and roots, 146. 
„ „ Miscellaneous, 190. 

„ „ Utilization of, 137. 

Miscellaneous uses of wood, 81. 

Moisture in relation to wood, 29. 

„ „ wood, as affecting its fissi- 

bility, 23. . 

» » a »t a hard¬ 

ness, 18. 

a it tt it it f> spec¬ 

ific gravity, 14. 

Monocotyledons, Anatomical structure 
of, 7. 

Monopoly system of sale, 203. 

Morchella esculenta, Pers., 190. 

Morell, 190. 

Morinda tinctoria, Roxb., 150. 

Mnringa, Juss., 229. 

„ ptcrygosperma , Gaertn., 17, 20, 

40, 155, 159. 

Morus Linn., 45, 83. 

„ alba, Linn., 76,. 158, 179. 

„ indica , Linn., 43, 179. 

„ laevigata, Wall., 66, 68. 

„ serrata, Roxb., 68, 74, 75, 155. 
Muga silkworm, 180. 

Mulberry-feeding silkworms, 179. 

Mules, Carriage by, 118. 

Mundalea suberosa, Bth., 153. 162. 

Munj grass, 144. 

Murraya exotica, Linn., 9, 21,45, 75, 82. 
Musa textili8, Nee, 157. 

Musical instruments, W r ood used for, 83. 
Myrabolans, 161. 

Myrica Nagi, Thunb., 150, 152, 153. 
Myrsine semiserrata, Wall., 83. 


N 

Natural seasoning, 32. 
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Naves of wheels, Wood used for, G9. 
j Ndumbium, Juss., 151. 

Nepal paper, 148. 

Niebuhria linearis , DC, 50. 

Nilghiri nettle, 147. 

Nipa fruticans, Wurmb., 156, 174. 
Nyctanthes Arbor-tristis, Linn., 76, 157, 
159, 160. 

Nyssa sessiliflora, Hook.f., 77. 


o 

Oak (see also Quercus spp.) 5, 6, 8, 65,-71, 
156, 190. 

Oars, Woods used for, 66. 

Occluded broken branches, 51. 
Ochrocarpus longifolius , Bth. and Hk.f., 
159, 160. 

Odina Wodier, Roxb., 16, 17, 20, 23, 26, 
40, 58, 61, 66, 69, 72, 83, 149, 
155, 166. 

Odour of wood, 47. 

Oil, Citronolla, 145. 

„ Deodar, 225. 

„ in wood, as affecting its durability, 37. 
„ of turpentine, 168. 

„ „ Manufacture of, 222. 

„ Rusa, 145, 226. 

,, Sandalwood, 224. 

Oil-casks, Wood used for, 72. 
Oil-grasses, 145. 

Oil-presses, Wood used for, 64. 

Oils and other extracts from flowers, 
fruits, and seeds, 159. 

„ „ „ products of distillation 

of wood, 150. 

Olea ferruginea, Roylo, 64, 75, 82,83,155. 
Oleo-resins, 164, 168. 

Open tender, Sale by, 197. 

„ pits. Charcoal-making in, 210. 
Opium-chests, Wood used for, 77. 

Orchil, 190. 

Organization of forest labour, 192. 
Oroxylum indicum, Bth., 161. 
Orthantkera viminea, W. and A, 147. 
Ouqeinia dalbergioides , Benth., 17, 19, 23, 
26. 40, 45, 56, 64, 68, 69, 70, 
72, 74, 78,83, 84, 147, 153, 155. 
Oxalic acid from sawdust, 84. 

Oxen for carting, 117. 


P 


Pack animals, Carriage by, 118. 


Packing-cases, Wood used for, 76. 
Padaulc (see also Pterocarpus dalbergi¬ 
oides), 17, 44, 56, 65, 68,71, 82. 
Palanguium Gatta, Burck., 172. 

Palms, 8, 151, 155, 157, 174. 

Palmyra palm, 174. 

Panelling, Wood suitable for, 68. 
Panes, 54. 

Paper-making, Fibres for, 146. 

„ Grass for, 144. 

Paper-pulp, 78. 

Para rubber, 172. 

Parameria glandidijera, Benth., 172. 
Parasitic plants, Defects due to attacks 
of, 51. 

Parenchyma, 7. 

Par media, 190. 

Parquet-flooring, Wood suitable for, 68. 
Parrotia Jacquernontiana, Dene., 24, 74, 
76, 82. 

Parts of a tree, as affecting specific gravity 
of wood, 15. 

Paving-blocks, 5S. 

Payment by daily labour, 193. 

„ „ piece-work, 193. 

„ under contract, 194. 

Pear-wood, 84. 

Pearl-ash, 190. 

Pegs, Wood used for, 73. 

Pencils, Wood used for, 73. 

Pentacmc suavis, A. DC, 40, 58,65, 70, 74, 
167. 

Percentage of water in wood, 27. 

Permits, 204. 

Persian wheels, Wood used for, 64. 
Pfister’s method of impregnating timber, 
238. 

Phoenix aeavlis , Buell., 151. 

„ sylvestris , Roxb., 64, 174, 175. 

Phuliva oil, 159. 

Phyllanthus Emblica , Linn, 23, 38, 64, 
84, 149, 157, 158, 161. 

Picea Morinda, Link, 17, 23, 73, 77, 79, 
82, 85. 

Piece-work, Payment by, 193. 

Pieris uvalifolia , D. Don, 23, 43. 

Piles, Wood used for, 57. 

Pine, 8, 73, 79, 156, 164, 167. 

Pine tar, 225. 

Pinus excelsa. Wall., 17, 20, 23, 27, 29, 
34, 40, 42, 45, 53, 56, 66, 77, 
79, 82, 85, 151, 169. 

„ Gcrardianay Wall., 158. 

„ KJum/a, Royle, 169. 

„ Umgijolia, Roxb., 14, 17, 20, 23, 2G, 
27, 34, 40, 42, 43, 49, 56, 66, 
68, 73, 77, 79, 82, 151, m 
190, 222, 223, 226, '35. 
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Pinus Merlcusii, Jungh. and de Vriese, 
169. 

„ sylvestris, Linn., 60. 

Pipes, Wood used for, 84. 

Pistacia integerrima, J. L. Stewart, 44, 68, 
74, 149. 

Pit-saws, 110. 

Pitch from wood, 86. 


timber, 


Pith, 4. 

Pits, Charcoal-making m open, ZW. 
Pits for elephant-catching, 184. 
Plecospermum spinosum, Trecul, 150. 
Planks, 55. ^ 

Ploughs, Wood used for, 77. 

Pneumatic impregnation of 

238 \. 

Podocarpus neriifolia, Don, 66. 
Podophyllin, 152. 

Podophyllum Emodi , Wall., 152. 

99 peltatum , L., 152. 

Poisons for fish and game, 153. 

Poles, 54. £ 

„ and posts, Stacking of, 114. 
Polycdthia fragrans, Bth. and Hook.f., 66. 
Polyporus fomentarius, L., 53. 
Polystrictus egregius, Massee, 53. 
Pomegranate, 160. 

Pongamia , Vent., 5. 

t9 glabrciy Vent., 149, lo9. 

Ponies, Carriage by, 118. 

PovuXus , Tournef, 79, 155. 

„ ciliata , Wall., 17, 20. 

„ euphratica, Olivier, 49. 
f> tremula , Linn., 73. 

Porcupine wood, 82. 

jPog 

Powell’s process of impregnating timber. 
236. 

Premna integrijolia, Linn., 47. 
Preservation of bamboos, 3J. 

Prinsepia utilis, Boyle, 82. 

Private bargain, Sale by, 135 
Prosopis spicigera, Lmn., », l/, 

69, 85, 149. 

Pruned branches, Defects due to, 50. 

Prunus Linn., 158. 

„ Puddum, Roxb., 46, 82, lo5. 

Psidium Guava, Raddi, 82. 

Ptcrocarpus dalbergioidw, Roxb., 17, 1J, 

21, 26, 34, 40, 44, 45, 56, 57, 
64. 65. 68, 69, 70, 71, 74, 81, 


indicus, Willd., 17, 19,26,69. 
unacrocarpus, Kurz, 17, 19, 
69, 70, 71, 83. 

Marsupium , Roxb., 17, 

26, 34, 40, 44, 45, 56, 58, 60, 
;66, 68, 69, 70, 74, 78, 83, 155, 
164, 167. 


Pterocarpus santalinus , Linn, f., 10,19, 21, 
24, 26, 45, 58, 74, 150. 
Pterospermum acerifolium, Willd., 20, 155, 
156. 

Public auction, Sale by, 195. 

Pueraria tuberosa, DC, 151. 

Pulp, Wood, 78. 

Punica Granatum , Linn., 160. 
Purchasers, Felling and extraction by, 201. 
Putranjiva Boxburghii , Wall., 76, 155. 
Pwenyet dammar, 166. 

Pyroligneous acid, 86. 

Pyrus , Linn., 158. 

„ communis, Linn., 84. 

„ Pashia , Ham., 82, 83, 84. 


Q 


Quarrying, 188. 

Quercus , Linn., 23, 34, 35, 40, 46, 78, 83, 
85, 155. 

„ dilatata, Lindl., 17,19, 27, 42, 74. 
' „ fenestrata, Roxb., 81. 

„ incana, Roxb., 17,19, 27, 42, 45, 
53, 149. 

„ lamdlo8a. Smith, 81. 

„ lancecefolia , Roxb., 81. 

„ lineata, Blurne, 81. 

„ pachyphylla, Kurz, 81. 

„ 8 emecarpifolia, Smith, 17,19, 26, 
27, 42. 

„ semiserrata, Roxb., 72. 

Quinine, 152. 


R 

i 

Rab cultivation, 155. 

Radial-shake, 48. 

Rafting, 127. 

„ by river, 128. 

„ by sea, 129. 

„ rivers, Control of, 130. 

Rafts of bamboos, 129. 

„ „ Fuel, 130. 

„ „ logs, 128. 

„ „ sleepers and scantlings, 130. 

Railway carriages, Wood used for, 71. 
„ sleepers, 59. 

t9 „ a wasteful form of con¬ 

version, 109. 

Rajmahal fibre, 147. 

Iiandia , Linn., 75. 

„ dumeiorum, Lam., 162. 

Rangoon oil as a bamboo preservative, 39. 
Red-rot, 62. 


B 
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Redwood, Andamans (see also Pterocarpus 
dalbergioides ), 68. 

Reeds, 74. 

Reh, 190. 

Resin as affecting combustibility of wood, 
41. 

„ „ „ durability of wood, 37. 

„ „ „ hardness of wood, 19. 

11 11 19 specific gravity of wood, 

15. 

„ Distillation of, 222. 

„ Tapping of pine-trees for, 168. 
Resin-ducts, 7. 

Resins. Chief kinds of, 164. 

„ general account, 163. 

„ Methods of collection of— from 
the bark, 164. 

Resistence to crushing, 24. 

„ to shearing, 25. 

„ to tension, 24. 

„ to torsion, 25. 

„ to transverse strain, 25. 

„ „ „ „ Classifi¬ 

cation of woods according to, 26. 
Retorts, Charcoal-making in, 210. 

Rhea, fibre, 147. 

Rhizophora mucronata , Lamk., 46, 149, 
232. 

Rhododendron arbor eum, Sm., 5, 8, 23, 34, 
43, 45, 159. 

„ cinnabarinum , Hook.f., 43. 

Rhus Cotinus, Linn., 44, 68, 149, 157. 
„ mysorensis, Heyne, 85, 149. 

„ punjabensis , J. L. Stewart, 84. 

„ succedanea , Linn., 160. 

Rhyncliodia Wallicliii , Benth., 172. 
Rice-pounders, Wood used for, 64. 

Ricinus communis^ Linn., 180. 

Rindgalls, 51. 

Ring-shake, 49. 

Rivers for rafting, Suitability of, 127. 
Roods and paths for extraction of forest 
Induce, 117. 

Rocella, 190. 

Rods, fishing —, Wood used for, 73. 

Rock dammar, 166. 

Rollers. Wood used for, 77. 

Rolling as a means of clearing coupes, 108. 
Rolling-roads, 119. 

Roots, Felling by the, 102. 

„ Minor produce from, 146. 

Rope-making, Fibres used for, 146. 

„ Grasses used for, 144. 

Ropes for felling trees, Use of, 100. 
Ropeways, Wire, 123. 

Rosa, Linn., 159. 

„ moschata, Mill., 50. 

Rosewood of Southern India (see also 
,U1 ,i!j palbcrgia latifolia), 68. 


Rosin, 168, 222. 

Rot in timber, 35, 52. 

Rough conversion of wood, 104. 

„ squaring, 104. 

„ timber, 54. 

Round timber, 54. 

Royalty, Sale by, 197. 

Rubber, 171. 

„ Para, 172. 

„ Tapping of Ficus elastica for, 173. 
Rubia cordifolia, Linn., 150. 

Ruhiacece, 75, 150. 

Rubus , Linn., 158. 

Rules of economic felling, 97. 
#«<sa-grass, 145. 

„ oil, Manufacture of, 226. 
Rutacece , 75. 


s 

Sabai grass, 144. 

Saccharum anindindcciim , Retz., 145. 
„ ciliare , Anders., 144. 

„ Narenga , Ham., 145. 

Saddle-trees, Wood used for, 84. 

Sale by private bargain, 195. 

„ ,, public auction, 195. 

„ „ tender, 196. 

Sago-palm, 174. 

Sal (see also Shorea robusta), 25, 52, 56, 
60, 61, 64, 65, 66, 69, 70, 77. 
„ butter, 160. 

„ dammar, 166. 

Salix , Tournef., 75, 76, 155. 

,, tetrasperma, Roxb., 20, 85. 

Salsola , Linn., 190. 

Salvador a, Linn., 38, 43. 

„ oleoidts , Dene., 16. 

Sambucus javanica, Blume, 73. 

Sampans, Woods used for, 67. 
Sandalwood (see also Santalum album), 47- 
„ Conversion of, 105. 

„ oil, 151, 224. 

Santalin, 150. 

Santalum album, Linn., 17, 19, 45, 47, 74. 
151. 

Sap, as affecting durability oi wood, 37. 
Supindus emarginaius, Vahl, 162. 
Sapiurn indicum , Willd., 162. 

Sapium insigne, Benth., 83. 

Sapiurn stbiferum , Roxb., 160. 

Sapotaceee , 172. 

Sapwood, 5. 

Sarcoccphalus cordatus, Miq., 45. 
Satinwood , (son also Chloroxylon Siciete - 
nia), 36, 68. 
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Saussurea Lappa, Clarke, 152. 

Saw, 91. 

„ Action of, 92. 

„ and axe combined, Felling with, 101. 
„ Felling with the, 101. 

„ Forms and shapes of, 93. 

„ pits, 110. 

„ setting, 92. 

„ sharpening, 92. 

Sawdust, Utilization of, 84. 

Sawmills, Conversion in, 110. 

„ Kinds of. 111. 

Sawn material, Stacking, 114. 

„ timber. Classification of, 55. 
Sawyer’s trestle, 110. 

Scantlings, 55. 

„ Rafting, 130. 

„ Stacking, 114. 

Schima )VaUichii, Choisy, 17, 19, 26, 35, 
40, 45, 46, 56. 

Schleichera trijuga, Willd., 8, 17, 19, 23, 
26, 40, 43, 45, 63, 64, 69, 70, 
75, 77, 83, 84, 85, 155, 158, 
159, 176. 

Schrebera swietenioides, Roxb., 83. 
Scitaminece, 162. 

Scolytid beetles, 52. 

Sealed tenders, 196. 

Season of felling, 96. 

„ „ floating, 126. 

„ „ rafting, 127. 

Seasoned wood. Moisture in, 14. 
Seasoning, Artificial, 34. 

„ Natural, 32. 

„ of wood, 27. 

7 i properties of various woods, 

34. 

„ water, 33. 

Seed-lac, 177, 178. 

Seeds, Edible, 158. 

„ Utilization of, 158. 

„ yielding drugs, 161. 

„ „ 16 °- 
u „ oils and other extracts, 

159. 

Selected trees,'-Bale of a few, 204. 
Semecarpas Anacardum, Linn.f.,, 17, 20, 
47, 162. 

Semla gum, 165. 

Senna, 157. 

Sesbania, Pers., 147. 

„ agyptiaca, Pers., 85. 

Set of saw, 91. 

Setting saws, 92. 

Shafts of carts and carriages. Wood used 

for, 70. 

Shakes, 47. 

Shape a d size of trees, 7. 
Sharpomng>aws,M)2. 


Shearing, Resistence to, 25. 

Sheep, Damage by, 139. 

Shellac, 178. 

Shells, 182. 

Shingles, Wood used for, 81. 
Ship-budding, Wood used for, 65. 
Shooks, 76. 

Shoots, 121. 

Shorea assamica, Dyer, 65, 77. 

„ obtusa , Wall., 17, 19, 26, 40, 45, 

57, 65, 70, 167. 

Sliorea robusta, Gaertn.f. (see also Sal ), 
17, 19, 21, 23, 26, 34, 40, 45, 
46, 57, 64, 67, 68, 70, 71, 77, 
149,150, 155,160,166,180. 

„ Talura, Roxb., 70, 176. 

„ Tunibuggaia, Roxb., 70, 166. 
Shoulder-poles, Wood used for, 73. 
Shrinking and swelling of wood, 29. 
Sida , Linn., 146. 

Side-staves of casks, 71. 

Silage, 143. 

Silk, 179. 

Silk-cotton, 161. 

Silkworms, Varieties of, 179, 180. 
Silver-fir, Waterlogging of, 29. 
Silver-grain, 5, 46. 

Sinoxylon anale, Le3ne, 36. 

Sledge-roads, 119. 

Sledging, 108. 

Sleepers, 59. 

„ causes of deterioration in, 61. 

„ Rafting, 130. 

„ Supply of, 62. 

„ Wood versus metal, 62. 

„ Wood employed for, 60. 

Slides, 120. -£j 

„• Dry wooden, 121. 

„ Earth, 121. 

„ Wet, 122. 

Sliding, 107. 

Slow-matches, Barks used for, 153. 
Soap, Substitutes for, 162. 

Soapnut, 162. 

Soil and locality, as affecting shape and 
size of 4 trees, 9. 

Soil and locality,’^as affecting specific 
gravity of wood, 14. 
Sonneratia apelala , Ham., 66. 

Soundness, as affecting combustibility 
and heating power of wood, 41. 
Soundness, as affecting hardness of wood, 
19. 

Soymida febrifuga, Adr. Juss., 17, 19, 26, 
40,45,46, 64, 68, 75, 149, 152, 
167. 

Spars, 54. 

„ Timber used for, 66. 

Spatholdbus Boxburghii, Bth., 147, 
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Spear-grass, 145. 

Spear-shafts, Wood used for, 73. 

Species, as affecting shape and size of 
trees, 9. 

Specific gravity of wood, 11 . 

„ „ „ „ as affecting its 

durability, 37. 

Specific gravity of wood, as affecting its 
hardness, 18. 

Spices from stems and roots, 152. 
Spilantkes Acmdla, Linn., 162. 

Spinning machines, W ood used for, 64. 
Splints (matches), 72. 

Split wood. Various uses of, 71. 
Splitting axe, 91. 

„ of wood, and its prevention, 31. 
Spokes of wheels, Woods used for, 69. 
Spondias mangifera, Pers., 17, 20, 23, 26, 
40, 45, 155, 158. 

Spring-wood, 5. 

Spruce, Waterlogging of, 29. 

Squared timber, 54. 

Squares, 54. 

Stacking fuel, 115. 

„ poles and posts, 114. 

„ sawn material, 114. 

„ timber in the round, 113. 

Stamps, Licenses with adhesive, 205. 
Standing trees by coupes, Sale of, 203. 
Star-shake, 48. 

Starchy products 151. 

Staves of casks, 71. 

Siephojyne parvi folia, Korth, 83. 

Sterculia, Linn., 40, 163, 164. 

„ alata, Roxb., 8 , 17, 20, 45 . 

„ colorata , Roxb., 17,20,146, 155. 

„ urens, Roxb., 17, 20 , 26, 47,58, 
66 , 73, 83, 146. 

„ villosa Roxb., 17, 20 , 146, 167. 
Stercidiacece, Fibre-yielding, 146. 

Stems, Minor produce from, 146. 
Stereospermm chdonoides , DC, 45. 

„ suaveden DC, 23, 86 . 
Stick-lac, 177. 

Streblus asper , Lour., 147, 155, 157. 
Strength of wood, 24. 

Stromatium , 51. 

Structure of wood, as affecting its fissi- 
bfiity, 22 . 

Strychnos Nux-Vomica, Linn., 162. 

„ potatorum , Linn.f., 70. 

Stumps, Extraction of, 102 . 

„ Implements for extracting, 95. 
Styrax, 'Linn., 167. 

„ Benzoin , Dryand., 167. 

„ aerrvlatum , Roxb., 167. 

Buccda, Forsk., 190. 

Sugar from palms, 174. 

„ „ sawdust, 84 


Sugar-mills, Wood used for, 64 . 

Sugary sap, 174. 

Sulphate of copper as an impregnating 
substance, 234. 

Sulphate of soda process of manufac¬ 
turing wood-pulp, 81. 

Sulphite process, of manufacturing wood- 
pulp, 80. 

Sulphur process of impregnating wood, 
236. 

Summer-wood, 6 . 

Sundri (see also Heritiera minor), 9 , 17 , 56 , 
65, 66 . 

$wttft-hemp, 147. 

Superstructures, Timber used in, 55 , 

„ of bridges, 56. 

» „ buildings, 55, 

Surf-boats, Wood used for, 68 ; 

Swelling of wood, 29. 

Swertia Chirata, Ham., 152. 

Swiftlets, 182. 

Sylvicultural system, as affecting shape 
and size of trees, 9 . 

Symploco8 cratcegoides , Buch.—Ham., 150, 
157. 

„ racemosa, Roxb., 150, 157. 

„ ramosissima, Walk, 73 . 

„ theccfdia, Buch.-Ham, 73 . 


T 

Tachardia La cm, Kerr, 176. 

Talipot palm, 151. 

Tallow-tree, Chinese, 160. 

Tamarindus indica, Linn., 16, 19, 03 (34 
60, 75, 83, 162. ’ ' 

Tamarix , Linn., 149. 

„ articulata , Vahl, 43 , S 6 . 

„ dioica, Roxb., 76, 167. 

Tannin, 148. 

„ extracts. Preparation of, 23L 
Tanning, Bark for, 148. 

„ Leaves for, 157. 

Tans, 148. 

„ yielded by flowers, finite, and seeds, 
160 

Tar from wood, 86 . 

„ Manufacture of pine and teak, 225. 
Taxbaccata, Linn., 8 , 17, 19, 34, 43 , 74. 
Tariff, Sale by fixed, 197. 

Tasar silkworm, 180. 

Tea-boxes, Wood used for, 76, 
Tea-shooks, 76. 

Teak (see also Tcctona grandis) 5,24, 34, 

* 36, 37, 43, 49, 51, 56, 59. 60. 
65, 60, 09, 70, 71, 72, 81, 83, 
166, 157. 

„ t&r, 225. \ { 
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Technical properties of wood, 4. 

Tertona grandis, Linn.f., (see also teak), 
17, 19, 22, 23, 26, 40, 45, 
64, 67, 70, 78, 82, 85, 151. 
Telegraph poles, Wood used for, 57. 
Tender, open, 197. 

„ Sale by, 196. 

Tension, Resistenee to, 24. 

Tent-pegs, Wood used for, 83. 

Teredo navalis, 36. 

Terminalia, Linn., 180, 229. 

„ Arjuna, Bedd., 35, 65, 66, 67. 

„ belerica, Roxb., 5, 17, 19, 23, 

38, 40, 56, 57, 64, 65, 68, 72, 
78, 155, 161. 

„ bialata. Wall., 66, 70. 

„ Catappa, Linn., 149, 157. 

„ Chebula, Retz., 17,19, 23,40, 

45, 67, 70, 149, 161. 

„ myriocarpa, Heurek and Muell. 

Arg., 67, 70. 

„ Oliveri, Brandis, 85. 

Terminalia tomentosa , W. and A., 6, 17, 
19, 23, 26, 35, 40, 42, 44, 45, 
56, 58, 60, 64, 65, 66, 67, 70, 
85, 149, 150, 155, 232. 
Termites, 36. 

Terameles nudiflora, R. Br., 17, 23, 67, 
72, 77. 

Texture of wood, 46. 

Thari vachi (Madras axe), 89, 90. 
Thatching grasses, 144. 

„ Leaves for, 156. 

Thespesia Lampas, Dalz. and Gibs, 146. 

,, popidnea, Corr., 66, 69, 70, 74, 

82, 146, 161. 

Thitsi, 166. 

Thrust-pole, 96. 

Tickets serving as licenses, 205. 

Tiliaeece, Fibre-yielding, 146. 

Tiliacora racemosa, Colebr., 76. 

Timber, Classification of, 54. 

„ Conversion of, 108. 

„ Stacking, 113. 

Uses of (see under each separate 
purpose for which used). 
Tobacco-pipes, Wood used for, 84. 
Tom-toms; Wood used for, 83. 
Toddy-palm, 174. 

Tool-handles, Wood used for, 82. 

Torsion, Resistenee to, 25. 

Toys, Wood used for, 84. 

Tracheids, 6. 

Tragacanth, 163. 

Tramele 9 Pini, (Brot.) Fr., 53. 

f9 radi riper da, Hartig, 53. 

Tramways, 122. 

Transpu t of wood by land, 116. 

„ „ water, 123. 

Transverse strain, Resistenee to, 25. 


Travancore axe, 89, 90. 

Trema, Lour., 147. 

„ orientalis, Blume, 85. 

,, politoria , Planch., 157. 

Trenails, Wood used for, 73. 

Trestle, Sawyer’s, 110. 

Trewia nudiflora, Linn., 17, 20, 40, 83. 
Trigona, Jurine, 166. 

Trimming axe, 90. 

Tubs, Wood used for, 71. 

Tufa, 189. 

Turning, Wood used for, 75. 

Turpentine, 168. 

„ Manufacture of, 222. 

Twisted fibre, 49. 

Typha elephantina, Roxb., 144. 


U 

ZJlmus integrifolia, Roxb. (see Holop- 
telea integri folia). 
Unsoundness in wood, 47. 

„ „ „ Detection of, 53. 

Upset price, 196. 

Urceola esculenta, Bth., 172. 

Urcna lobata, Linn., 146. 

Urticacece, Fibre-yielding, 146, 147. 

„ Rubber-yielding, 171, 172; 
Utensils, Wood used for domestic, 75 


V 

Vateria indica, Linn., 66, 166. 

Veneers, 68. 

Vessels, 5, 6. 

Vetiveria zizanioides , Stapf, 144. 
Viltebrunea , Gaud., 147. 

Villon’s process of manufacturing tannin 
extracts, 232. 

Vinegar from sawdust, 84. 

Violins, Wood used for, 83. 

Viscum, Linn., 52. 

Vitex Linn., 21, 64. 

„ Negundo, Linn., 76. 

„ trifolia, Linn.f., 76. 

Vulcanising of wood, 239. 


w 

Wages, 193. 

Walking-sticks, Wood used for, 82. 
Wallichia , Roxb., 156. 

„ distycha , T. And., 151. 

Walnut (see also Jugtans regia), 68. 
„ East Indian (see also Albizzia 
Lebbek ), 68. 
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Walsura piscidia , Roxb., 153. 

Wanes, 54. 

Waney balks, 54. 

Warping of wood, 29. 

„ Prevention of, 30. 

Waste-wood, Utilization of, 84. 

Water depots, 133. 

„ in wood, Percentage of, 27. 

„ seasoning, 33. 

„ Timber used in contact with, 63. 
„ Transport of wood by, 123. 

„ Woods which last well under, 38. 
Water-pipes, Wood used for, 64. 
Water-scoops, Wood used for, 78. 
Water-troughs, Wood used for, 64. 
Wattle-trees, 149. 

Wavy wood, 50. 

Wax, 180. 

Wax-producing trees, 160. 
Weaving-machines, Wood used for, 64. 
Wedges, 95. 

Weight, Classification of woods according 
to, 16. 

Well-construction, Wood used in, 64. 
Wet slides, 122. 

Wheeled conveyances as a means of 
clearing coupes, 106. 

Wheels, Wood used for, 69. 

White ants, 36. 

„ dammar, 166. 
rot, o2. 

Whole coupe. Sale of, 201 
Wholesale system of sale, 203. 

Wightia gigantea, Wall., 20. 

Wild date-palm, 174. 

Willow (see also ScUix), 6, 21. 

Wire ropeways, 123. 

Wood, Anatomical structure of, 4. 

„ Colour and grain of, 43. 

„ Combustibility and heating power 
of, 40. 

„ Conversion of, 87. 

Cracking and splitting of, 30. 
„ Defects and unsoundness in, 47. 
„ Durability of, 35. 

„ Elasticity of, 21. 

„ employed for superstructures, 56. 

», Felling and conversion of, 87. 

Fissibility of, 22. 


Wood, Flexibility of, 20. 

„ Hardness of, 18. 

„ Industrial uses of, 54. 

„ Moisture in relation to, 29. 

„ Percentage of water in, 27. 

„ Seasoning power of, 26. 

„ Shrinking and swelling of, 29. 
„ Specific gravity of, 11. 

„ Strength of, 24. 

„ Technical properties of, 4. 

„ Transport of, 116. 

„ Warping of, 29. 

Wood-cells, 5, 7. 

Wood-fibres, 5, 6. 

Wood-oil, 168. 

Wood-pulp, 78. 

Wood- vessels, 5. 

Wood-wool, 84. 

Wooden slides, Dry, 121. 

Woodfordia floribunda , Salisb., 15, 65, 160. 
Wrightia tincioria , R.Br., 45, 74, 75, 83, 
157, 160. 

„ tomentosa , Rom. and Sch., 23, 

74, 75. 


X 

Xylia doldbriformis , Benth., 6, 14, 17, 19, 
21, 26, 35, 40, 45, 46, 53, 56, 
57, 59, 60, 64, 66, 69, 70, 75, 
78, 81, 83, 84, 149. 

Xylolith, 84. 


Y 

Yams, 151. 

Yokes, Wood used for, 70. 


Zinc chloride as an impregnating sub¬ 
stance, ^35. 

Ziyphu^y Juss., 155. 

„ Juptba , Lam., 5, 17, 19, 23, 78, 
83, 84, 85, 149, 158, 176. 
„ xylopyra , Wttld., 149, 161. 
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DEFECTS IN TIMBER. PLATE I. 

1. Transverse section of stem of Santalum album, showing heart-shake, with tendency to star-shake. 

(Reduced 

2. Transverse section of stem of Cedrus Deodara, showing more extensive star-shake. 

(Reduced ). 

To 

3. Transverse section of stem of Phyllanthus Emblica, showing radial-shake due to cracking by 

2 

intense heat in the Central Provinces. (Reduced 

5 i 

4. Transverse section of stem of Cupressus torulosa, showing cup-shake. (Reduced —). 

5. Transverse section of stem of Ced rus D eodara , showing combination of heart-shake and cup-shake. 

(Reduced 

6. Transverse section of stem of JPicea Morinda at a point where a whorl of branches is produced, 

showing formation of knots in the wood. (Reduced 
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DEFECTS IN TIMBER— (CONTINUED), plate ii. 

1. Longitudinal section of stem of Anogeissus latifolia, showing outgrowth known as a " burr/' 

(Reduced 4^). 

2o 

2. Transverse section of stem of Dalberg ia pa niculata , showing natural interior bast tissue. 

(Reduced -4-). 

D 

3. Transverse section of stem of Ougeinia dalbergioides, showing occluded bast tissue owing to 

growing together of two branches. (Reduced -4-;. 

6 

4. Transverse section of stem of A cacia Intsia , showing formation of interior bast tissue owing to 

fluting of the stem. (Reduced 4~)- 

o 

5. Longitudinal section of stem of Shorea robu sta, showing contorted growth due to constriction 

by climbers. (Reduced-—). 

6. Longitudinal section of stem of Cedrela Toona, showing occluded pruned branch. 

(Reduced --). 

7. Longitudinal section of stem of Quercus incana , showing occlusion of broken branch with attend¬ 

ant decay. (Reduced -4-). 

6 1 

8. Transverse section of stem of Shorea robusta, showing rindgall. (Reduced —). 
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natural size. 


1 , 2 . 

3. 
4,5. 
6, 7. 

8, 9,10,11,13, 20. 

12,19. 
14,15,16,17,18. 

21 . 

22 . 

23. 

24. 


Sunderbans dahs, 

Assam dao. 

Burmese dahs. 

Burmese damas. 

Madras types. 

Bombay types. 

Travancore types. 

Central Provinces bakka . 

Lopping billhook used by Gujars of Saharanpur, U. P. 
Dattl^ used In Kangra District, Punjab. 

Nepalese kukri. , 


\ 


25. European type. _ , 

28. ,, with auxiliary cutting edge on back. 

27. Ajmer dhou. 

all. side-view figures above the cutting-edge faces the left; In Fig, 2€ the 
*age faces the left and the auxiliary one the right. 


principal cutting 
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1 . 
2, 3. 
4, 5. 
6 . 

7. 

8 . 
9,10. 

11 . 

12,13,14,15,16,17. 

18 . 

19. 

20 . 
21 . 

22, 23, 24, 25. 

26. 

27, 28, 29, 30, 31 

32. 

33. 
34, 35. 
36, 37. 


American axe. 

Assam types. 

Sunderbans axes. 

Pahari axe, Garhwal. 

Delhi axe. 

Axe used In Bahralch, U. P. 
N.-W. Himalayan axes. 
Punjab axe. 

Central Provinces types. 
Burmese axe, pau foei n. 
Burmese kyettaung. ~ 
Burmese kun. 


flalabar axe. 
ladras types 
Madras t_har[ vachK 

lombay tyP* 39 - 

xe used in Indore State. 

,, Hyderabad (Nizam's 
ravancore types, 
ashmir axes. 


Dominions'. 


)i 







































































30 


Axes and Ad zee 



32 

m 


natural size. 


1. Delhi trimming axe 

2. N.-W. Himalayas’ trimming axe 

3. Kashmir trimming axe. 

4. Travancore trimming axe. 

5. Hyderabad trimming axe. 

6. Delhi splitting axe. 

7, 8, 9. Central Provinces splitting axe. 

10. Madras splitting axe. 

11. Bengal splitting axe. 

12. Light axe, or balwa, used in Singhbhum, Bengal. 
13,14,IB, 16, N.-W. Himalayas light lopping axes. 

17. Ajmer light lopping ax©. 

18,19, 20, 21, 22. Central Provinces light lopping axes. 

23. Kashmir light lopping axe. 

24. Indore light lopping axe. 

26. Central Provinces adze. 

26. Travancore vachu or adze. 

27. Madras adze. 

28, 29. Bombay adze. 

30, 31. Iron wedges. 

32. Wooden wedge with iron bend 

33. Wedge of wood with Iron sheath. 



)( 
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□ 

□ 

cn 


□ 

□ 

o 

cm 

□ 

□ 

o 

□ 

□ 

□ 

□ 

C=3 
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1 toi7. 

8 . 

9. 

10 . 
11 . 
12 . 


Types of saw-teeth (vide page 92) 
Device for ensuring even filing ' 
A properly set saw. 

A badly set saw. 

Pit saw-set. 

Hand saw-set. 
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1. Cross-cut saw. 

2. Advantage of curve-edged Saw In producing extra space for sawdust. 

3. Pit-saw. 

4. Delhi saw. 

5. Maratha saw. 

6. Frame-saw for longitudinal cutting. 

7. Frame-saw for cross-cutting. 

8. Country hand-saw. 

9. European hand-saw. 
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IMPLEMENTS FON DIRECTING THE FALL OF TREES AND EXTRACTING STUMPS. 


PLATE Till. 


t 


f J ' I 

t. Forest devil. ) * 

.2, 3. Thrust-pole. 

** o. Hook-lever 

(after Gayer). 
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PLATE IX 



FELLIWR. ROUGH CONVERSION, AND MOVING QF TIMBER. 

I 1 i 



1. Method of felling with axe alone, 

2. „ M „ with saw alone. 

3. M M „ with axe and mw combined. 

4. „ „ attaching rope in pulling out stumps. 

Extraction of stumDS with the aid of ropes and pulleys, (block and taring 

6. Method of rough-squaring logs. 

7. Hooks for attaching chain to logs for dragging purposes. 

8. Iron spike for dragging purposes. 

9. A “ snouted M log with dragging-hole. 

10. German krempe, or lever for moving logs. 


1 
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1, 2. Ordinary methods of Rawing, 

3, 4, 5, 6, 7, 8. Methods of sawing with the silver grain. 


) 
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1 . 

2 . 

3. 

4. 

5. 


Sawing of sleepers with frame saw. 
Delhi sawyer's trestle. 

Stacking of lo*s. 

of scantlings. 

” of poles. 

Methods of stacking fuel. 


1 


( 







































MINfSr^ 



1 . 

2 . 

3. 

4. 

5. 

6 . 
7. 


Charcoal-burning—paraboloidal over-ground kiln. 

Re*ln-tapplng—blaza'at'and of first *y£ai\ paMa * 6- *• Vent-ho.s. 

:: _bl«e at end of wcond year° ngltUClin#l S9Ctl °"»• 

„ —adze for cutting blaze. 

». t* -gouge-chisel. 

‘ ) • 


■ 
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DIAGRAM OF A SIMPLE TURPENTINE DISTILLERY. 




a. Copper boiler. .■ , _ 

b. Hole for admitting crude resin, with plug. 

c. Dome. 

d. Copper pipe. 

e. Condensing tank. 

Water tanks. 

h. Receiver for collecting oil of turpentine. 
h. Tap for emptying out colophony. 

1. Furnace. 






























• MINIS 


1. 5AKDAL-W0QD OIL STHjL 




PLATE XIV. 



a. Boiler (earthen pot). 

b. Small inverted brass pot. 

c. Copper tube. 

d. Condenser (copper Dot). 

e. Water-tank. 

/. Furnace. 


\ 


a. Boiler (Iron). 

b. Bamboo tube. 

c Condenser (ooppark 



) 




2. RU3A-GRASS OIL STILL. 
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